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WASHINGTON DIVISION. 



Washington, D. 0., January 17, 1890. 

The (K)iniDittee met pursaant to the call of the chairman. 
Present, Mr. Stewart (chairman), Mr. Plumb, Mr. Casey, Mr. Moody, 
Mr. Eeagan, and Mr. Jones of Arkansas. 



STATEMENT OF J. W. POWELL, DIRECTOR OF THE GEOLOGICAL 

SURVEY. 

Director PowELii. Mr. Chairman and gentlemen of the committee, 
since the retam of the committee from the West, having ascertained 
special questions in which the members of the committee were inter- 
ested, I have devoted almost all my time to the collection of the data 
which they seemed to require, and to assembling those data in such 
manner as to present to the committee a body of material that should 
as far as possible be a repository of facts in relation to arid lands. For 
this purpose I have not only devoted most of my own time but have 
employed from five to twenty-five men in the oflftce of the Geological 
Survey getting together the facts. 

I now present before the committe a map of the arid region exhibit- 
ing the distribution of the land already irrigated. The committee will 
see on this map a red line along the eastern border. 

The Chairman. How is that map entitled ? 

Director Powell. It is entitled, »' Map showing the irrigated areas 
of the United States.'' 

Senator PlTtmb. That corresponds to the line drawn on other public 
maps, I suppose; for instance, the one at the White House, separating 
the arid from the subarid regions? 

Director Powell. That map at the White House I made some fifteen 
years ago. I have more complete data now. 

Senator Plumb. Do the lines run to the same places ? 

Director Powell. Not quite. 

Senator Casey. Is that line drawn at about the one hundredth 
meridian? 

Director Powell. It is very near to it, but not exactly at the one 
handredth meridian. There is a border zone along the eastern side of 
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the line— a doubtful region — the region in which at some times rain 
falls in quantities sufficient fbr agriculture and at other times in 
quantities not sufficient for that purpose. The line itself is drawn 
conservatively, so as to include only those areas now generally, perhaps 
universally, recognized as being arid to such an extent as to require 
irrigation from year to year. 

The greatest change I have made since the old maps were constructed 
is in the western bo^er. We are able to trace out more accurately the 
lines on the western border where irrigation is necessary. I have also 
left out the northern portion of the valley of Galifornia in which 
irrigation is not absolutely necessary. 

The Chairman. In the northern Sacramento Valley f 

Director Powell. Yes. 

The Chairman. Irrigation districts are beingrapidly organized there. 

Director Powell. Yes, but I have only indicated here the area where 
irrigation is absolutely necessary. The total area of the regions thus 
embraced within the two lines is about 1,340,000 square miles. If we 
include the subhumid zones on either side, where irrigation must be 
practiced some years to secure crops, the total area will be about one- 
half of the United States exclusive of Alaska. 

A glance at the map will exhibit the districts of country where irriga- 
tion is now in progress. From the data we have collected we find that 
about 8,(K)0,000 acres of land have been irrigated and are under cultiva- 
tion, and that a little more than 10,000,000 acres of land are underditch. 
I have that all plotted on the map, except some few places yet to be com- 
pleted — little outlying districts where 10, 20, or 30 acres are irrigated 
by little springs, etc. — ^a few in Nevada, Idaho, and Oregon, and some in 
Wyoming. They will very soon be completed. 

I here present a table by States, setting this forth: 



IBHI6ATED ABEAS— TOTALS. 



V 

■ 

^ 



Statesand Territories. 



Under 
ditches con- 
atrncted 
or pro- 
jected. 



Arizona 

California 

Colorado • 

Idaho 

Montana 

iNevada «. 

New Me^tico *. '. — *... 

Oregon « k- 

TJtah. . .. .»• .4 4 .^ . f ■ 
Wyomitig... 



.^.,.«p. 



Total 



AcreM. 
455, 600 
0,000,000 



740,000 



1,360,000 
10t,000 

1,227,819 



Irrigated 

and under 

ditch. 



Acres. 

175,000 

3, 000, 000 

2, 250, 000 

400,000 

t348, 000 

75b 000 

689,060 

119, 000 

802,000 

t500,000 



8,307,000 



Percent- 
age irriga- 
ted to total 

area of 
Stato. 



0.2 
3.0 
3.0 
0.7 
0.3 
0.3 
0.8 
nO.2 
L5 
0.8 



Anthority. 



T.B. Parish. 
R.J.Hinton.* 

.Do. 
J. C. StranghiL. 
R.S.Tarr. 
S.J.Hinton.* 
T,B.-MiUs. 
W. G. SteeL 
F. H. Newell 
£.Mead. 



* Mr. Hinton^a estimates are based on varions reports and Agnres, the details of which are not 
now accessible, 
t Including large aveas of hay lands in Wyoming, probably 90 per cent, meadow. 

The figtti^s above ar« not comparable among themselves, as they are derived from 
many sources and made by various persons, each having different purposes and ideas 
as to what constitutes irrigation, h 

NOTS<— Mt. Hinton'B fignf es af^ those of his report on "Irrigation in the tTnited States" made In 
1885-'86 and published in 1887 by order of the United Stat«s Senate. 
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ARIZOITA. 

The estimates for Arizona are based on the report of Mr. T. E. Parish, Commis- 
sioner of Immigration, bearing date May 25, 1889. Following is a summary of his 
flgnres : 



Connty. 



Mohave 

Yavapai 

Apache 

Graham «. 

GUa , 

Pinal.: 

Maricopa 

Tnma 

Pima 

Cochise 



Total 



Beclaimflr 
ble. 



Acres. 



1, 250, 000 



300, 000 
100, 000 



1, 650, 000 



Under 
ditcli. 



Acres. 



47,000 



71,60© 

300, 000 

30, 000 

7,000 



455.600 



Cnltivated. 



Acres. 
1,000 
li, 680 
9,000 



6,600 

12, 000 

132,800 

5, 000 

5,000 

20,000 



203,080 



(Newell) 
estimated 

nnder 
irrigatioii. 



Acres. 

1,000 
10,000 

9,000 
10.000 

5,000 

10,000 

100,000 

5,000 

5,000 
20,000 



176,000 



COLORADO— PARTIAL STATEMENT. 



District. 



1, State engineer's report, 

1888 

2, Stateencineer's report, 

1888 

8 

4 

5 

6 

7 

8 



14 



Under ditch 



Acres, 
150, 00& 



98,558 



6,915 
13,694 



Irrigated. 



Acres. 

39, 720 

46,150 

108, 900 

69, 910 

86,655 

50,000 

68, 905 

3,000 

3,740 

7,264 



District. 



15. 
16. 
20. 
21. 
22. 



41 and 60, Montrose Conn- 
ty 

40, Delta Connty 

42 and 63. Measa Connty. 
43. Garfield County 



Total 



Under ditch 



Acres. 

2,771 

32, 6-23 

396,860 

57, 920 

46,211 



Irrigated. 



Acres. 

4,544 

12, 713 

100, 610 

45, 183 

33,855 

*5,000 

*2, 000 

10,390 

1,000 



699,539 



" Assessor. 



The above comprises all the fij^ures. official or otherwise, that are at present in this 
ofiSce. It is evident, on inspection, toat these estimates are very incomplete, far he- 
low the actual irrigated acreage even in the districts given, while many districts are 
not mentioned. 

IDAHO. 

pProm the rejMrt of the governor, 1889. J 



Counties. 



Ada 

AltorasV— - 
Bear Lake... 

BInghamt... 

B6ia6 

C«Mi» 

Goatar w 

Xlmore 

Lemhi 

Logan 

Ooeida 

Owyhee 

Waahington. 

Total.. 



Approxi- 


Irrigat-ed 
and in 


Irrigahle 


The irri- 
gable 


Total 
area re* 


mate area. 


process as 


as re- 
ported. 


land now 


claima- 




reported. 


irrigated. 


ble. 


Sq. mUes. 


Acres. 


Acres. 


Per cent. 


Percent 


2,424 


60, 000 


900,000 


6.25 


62 


2,100 


14,500 


268,000 


5.13 


21 


tl, 300 


21, 500 


40, 000 


35.5 


74 


12,364 


284,750 


2, 503, 500 


10.5 


35.6 


3,024 


83,500 


262, 000 


24 


18 


5,100 


82, 000 


655, 000 


11.1 


22.5 


4,350 


24,000 


446,000 


5.1 


17 


2,700 


10, 000 


230. 000 


4.2 


14 


4,300 


10,000 


600,000 


1.64 


22.2 


5,200 


50,000 


1, 250. 000 


2.6 


39 


2,600 


38,800 


148, 000 


20.8 


11.2 


7,812 


21,300 


248, 500 


8 


42 


2,000 


40.000 


500,000 


7.4 


29 


56, 174 


§740; 350 


8,061,000 


0.2 


24 



* If voh on Lost Biver and lava bed. t T his area includes the lake. X Mnch of th is is " in process. ' ' 
§ The land actually nnder ditch at present can not be mnch over one-half of this amoant--evident 
froin the amount of water known to be used in certain counties. Estimated 400,000 acres now under 
ditch. 
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UOlfTAHA. 
[From EUMtaor'B ratarnt.* 1 



Comrtr. 




Coimtf. 


Ciilti*M«d. 




A«ra. 

IS 

1.1 

20.971 




Aent. 










•■a 


















14,878 

















lawhlob tlilii table Is baa«d n 



ood wen to ronn 
I tblnb that it IB 
noDnt la probably 



'A» tbe Btateni«it« npoawhJob tli. 
tbebwlsof tautioD, ttb prabdble tl , . . . ._ 

safe toBBf that In ISBS there veie MW,000 Bcrea ol land under i nltivatlon, i 
uot maeh greater tbe pteaeut yoar, {Bepoit of B.S.Tair, JnnoSI.ISSa.) 

It abonld be noted that tbiseatiniate is based on the aeeessoT's letnrns of all laods 
under cultivation. 

The largest item of tbis is 209,000 acres of meadow. 

Total acreage of crops (nearlj- all irrigated) 346,000 

Total acreage of meadow 309,000 

139,000 
Tbis gives 139,000 acres of sm&Il grains and veseta 
1in taken In comparison with other States and Te 
meadow or grazing lands form bat a small item. 

NEW MEXICO. 
lEstlDiate of bmd and dltehea b; T. B. MUla, Jane 21, I88II.] 



C<ra»tj. 


Tinder 


Conntj. 


Under 
d^h. 




Aeret, 
12,421 

iSS 




^T^ 










J^iK 
























tas,4£i 


■ 





Projected ditches and ditches under constmction will s 



n addition, 723,000 



[Beport of W. G. St«el, Jane 27, 1889. | 



Cemrty. 


Irrigated. 


ditohe^ 


Coont;. 


Irrigated. 


S'.' 




ACTIt. 

5,000 


Aera. 
6,000 




Acra. 

•a 

5,000 
5,000 

jIooo 


^"t^m 


































Total 






UB,000 


1SI.B00 





, 


1 


-^ 




V 



v.. ma. .'Ty* 



a 
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UTAH.* 



County. 



Beaver 

BoxBlder 

Cache 

Bmery 

Iron (..... 

Garfield 

Jnab 

Kane (connty anrvey) . 

MiUard..... 

Morgan 

PI me 

Bich (connty conrt) .. 
Salt Lake (partial). ... 

San Jnan 

San Pete 

Sevier 

Summit. 

Tooele 

ITintah , 

"Utah 

Wanatch 

Waahington 

Weber 



Land under 
irrigation. 



1889 

actnally 

irrigated. 



Total (except Davis County). 



Acres. 
14, 670 
88,695 
89,025 
44,140 

9,107 
13, 365 

9,000 

1,625 
104, 428 

8,804 
29, 080 
40, 811 
44,489 
770 
45,506 
32,874 
24,115 

6,122 
33,750 
96,097 
21,500 

7,435 
37,048 



802,456 



Acres. 

7,450 

11,740 

53,489 

22,406 

6,937 

7,635 

5,800 



11,150 

6,687 

16,285 



22,982 
500 
24,014 
24, 914 
20. 825 

4,080 
18,818 
60, 520 
15, 200 

6,235 
25, 270 



371,437 



Dry 
farming. 



Arable land 
not irri- 
gated. 



Acres. 

4 
24,090 
18,653 



100 
400 



450 
624 



6,875 
'i,'356 



800 
1,340 



6,910 
10 
10 

4.465 



66,191 



Acres. 
48,080 

159, 046 
68,917 

298,680 

56,200 

33,046 

33, 000 

1,750 

488,773 

2,823 

22,260 

44,749 

89, 027 

750,000 
68,606 
30,150 
14.950 

120,342 
12,810 

112,680 
21.000 
22,250 
26,265 



2,525,403 



* Statistics derived from Mormon Church records. 

WYOMING. 
fFrom Meade's letter of May 9, 1889.] 

Statement.— November 1, 1888, amount of land under ditch, 1,227,819 acres (1,918 
aqnare miles). "Probably below the truth." 
Actually irrigated (including hay lands), 500, (K^ acres; (agricultural, 50,000acre8'). 
Duty, 1 section foot to 80 acres. 

Director Powell (continuing). Do the Senators wish to ask any 
questions in relation to any special districts! I thought I could as- 
semble on a map a large amount of information and save much oral 
description. I have had this map engraved. The plates on copper are 
now in the Geological Survey, and, if desired by the committee, the 
maps which I present can be incorporated in their report, so that the 
•whole matter may be presented in one body. (See map.) 

I have also prepared a map entitled ^^A map showing the wooded 
area of the arid region,^' in which I have delineated in two colors all 
the forest areas of the region, and it is done with some minuteness and 
care. The dark green represents all the areas the forests of which are 
valuable for timber for commercial purposes. Those forests are com- 
posed of pines, spruces, hemlocks, firs, and sequoias. (See map.) 

The area covered by forests in this manner in that region is less than 
one-tenth of the arid region, that is to say^ one-tenth is covered with for- 
ests of commercial value. It must be understood that these forests are 
all at a great elevation. They are all on the mountains or very high 
plateaus. The forests grow invariably in regions either where agricult- 
ure is impossible or where agriculture pays but very poorly. They are 
in regions where snow accumulates through many months of the winter, 
and where frosts may be expected in almost any tnonth of the summer. 
For that reason the regions where merchantable and valuable timber 
grows, such as I have been speaking of, have not lands that are suscep- 
tible of practical agriculture. They will grow some grains, it maybe, 
and some potatoes, some rye, and a few other things, but in the main, 
agriculture is impossible there, and the crops which can be cultivated 
are few. The growth would compare with that of Norway and of south- 
em Alaska. 
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The Chairman. What is the altitude ! 

Director Powell. It varies. In the north the lower margin is abont 
5,000 feet, and that margin rises southward to about 7,500 feet, while 
the upper margin is about 9,000 feet at the north and aji>out 11,000 feet 
at the south. It is about at that elevation that the timber is found. 
This timber, in the main, however, is scant. There are some places 
where the forests are dense. Usually, the pine and fir and sequoia 
forests are open. The trees are scattered and the forests are inter- 
spersed with glades and prairies in such manner that all the timber 
could grow advantageously on one- fourth of the area they now occupy, 
and still the ground would not be crowded — the trees would be scant. 

Not only are those forests interspersed with prairies and with naked 
glades and "parks," as they are very often called in that country, but 
the forest area being, in the main, mountainous area, there are many 
cliffs, crags, and mountain sides of naked rocks which are not covered 
with timber. So that on the map an amount of forest area appears 
much larger than it actually is. On this scale it is impossible to ex- 
clude these small tracts which are treeless. 

In addition to the forests of commercial value, forests composed in 
the main of piiions or nut-pines, of cedars, and of small oaks are found 
in Galifornia. These trees are valueless for ordinary commercial pur- 
poses. That is, they can not be cut into timber ; they are too small for 
that purpose j but they have great value for lire- wood, fencing, and 
many domestic purposes. These lie much below the pine forests. 
These pinon and cedar forests are on the low plateaus and on the rocky 
hills. In addition to those along some of the streams, .is on the Upper 
Missouri, the Yellowstone, and other streams, down on the bottoms are 
found forests of Cottonwood. Of these all that are worth meutioniug 
are delineated on the map. 

The area covered with forests of this class, where the trees are valua- 
ble only for fire- wood and other domestic purposes, is slightly greater 
than the other. A little over one-tenth of the area is covered with 
forests of this character. Some of the lands covered with this descrip- 
tion of forest are valuable for agricultural purposes, but not aU. Some 
are high, others are on rocky hills, and in situations where they can not 
be used for agriculture. 

I wish to incorporate the following table showing by States and Ter- 
ritories the area and character of these forests. 

Approximate area in square miles of timhered lands in the arid region. 



State. 



WashiDgton 

Idaho 

Montana , 

Oregon 

Wyoming 

South Dakota 

Korth Dakota (river bottoms) . 

California , 

N^evada 

Arizona 

New Mexico 

Colorado 

TJtah 



Total 



Fire- 
wood. 



Mer- 
chantable 
timber. 



Sq.mHee. 


8q. mXU9. 


1,050 


1,080 


8,600 


9,800 


6,500 


21.000 


3,500 


8.700 


7,300 


15,700 


2,400 


400 


200 




20,800 


11,000 


6,400 


700 


26,510 


11,700 


21,540 


14,400 


15,000 


23,500 


14,000 


7.700 


132,300 


125,970 




132,300 



25^270 



Total area of arid region, aqnare miles ^.... 1,33^126 
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Senator Beagan. Did yoa extend yonr information down to the 
Texas territory 1 

Director Powell. I have not hitherto done sa I have only a small 
IK>rtion of the information, snch as I gathered this summer, bat I have 
been for twenty years gathering these data in the other regions. 

I wish now to say a word or two with regard to the preservation of 
forests. 

The forests are destroyed frequently by fire. The amount of timber 
used by man is comparatively inconsiderable. I witnessed one fire 
twenty years ago in Golorado which destroyed more timber than the 
people of Golorado have used 'since the settlement of that country, and 
I have myself witnessed five or six fires in Colorado of equal magni- 
tude. I have witnessed elsewhere in the mountains very great fires. 
They are well known. As some of you will remember, during the jour- 
ney of the committee this past season we passed through the mount- 
rinons region of Montana, eastern Washington, eastern Oregon, Idaho, 
aiDd down into Utah before a mountain was seen, because the whole 
oountry was enveloped in smoke as in a dense fog. 

These fires are exceedingly destructive. I have with me a map of 
Utah which will show how destructive they are. This map was made 
tw^ve or fifteen years ago and shows simply the areas which were 
destroyed by fire at that time. I will present it to you for a moment 
so that you may see how it looks. (See map.) 

The blue represents the standing timber at that time — ^twelve years 
ago. The brown represents the burned timber at that time. I have 
no doubt that if a map were made to-day of that same region it would 
show that much of that blue area has been destroyed in twelve years. 
The green exhibits tbe irrigable areas as determined at that time. 
The forests are chiefly coniferous and needle-bearing, and are charged 
highly with resin, and so exceedingly inflammable; and for this reason 
fires are greatly destructive. Then, since the white man has come into 
the country, the forests have not been annually burned. In old times, 
when the Indians occupied that country, they systematically burned 
tbe forests every fall.' By so doing they unconsciously, though not for 
that purpose perhaps, prevented the tot^l destruction of those forests. 

If a forest of coniferous trees is protected from fire for a series of 
years until the ground is covered with an accumulation of cones, 
needles, twigs, and brush, then the fires have something on which they 
may feed. If then, by accident or design, a fire is kindled in such a 
forest it sweeps through and destroys it. So the forests are being 
destroyed not for want of protection, but because they are protected 
from fires. The only proper preservation of those forests consists in a 
systematic annual burning. If this burning is accomplished at a sea- 
son of the year when the ground is not too dry the whole accumulation 
OD the surface of the ground may be burned up and destroyed and the 
trees remain. 

Senator Jones. Do you think it would now be practicable (with the 
aocumolation of underbrush that years have produced) to burn any of 
those forests without destroying the timber f 

Direetor Powell. Tes ; if burned in seasons of dampness, when the 
forests axe not too dry. Fires are destructive in seasons of great dry- 
ness or aridity. 

Senator Jones. Then, in the districts where the forests have been 
destroyed by fire, the annnal burnings would have to be dispensed with 
until the young trees got safflciently large to be safe from destruction 
byfirel 
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Director Powell. If the burning were done at a dry time the smaller 
trees would be burned ; but if the fires were set at a comparatively wet 
and moist time, and systematically, and if small areas were burned, and 
burned out, and started again when not too dry, they could be burned 
without destroying the small trees. In this matter I have had some 
experience, for I was a farmer's boy in a prairie region and have taken 
part in such matters. I have burned forests for their protection many 
times in my life. 
The arid region, as I have shown, has already been developed to a 
' i great extent for agricultural purposes. In that region there are mines 

of gold, silver, lead, iron, coal, and so forth, so that a great deal of the 
country is being settled and in some places it is comparatively densely 
settled, so that population is now distributed in every valley of impor- 
tance throughout the region. 

In the progress of irrigation and development of that country by 
which 10,000,000 acres of land have been put under canals, and provis- 
ion made for the irrigation of that quantity, a large experience has 
accrued, so that the problems involved — scientific, industrial, and polit- 
ical — have been pretty well developed. 
I I now show you a map of the arid region exhibiting the areas under- 

I j laid by coal, so far as the coal of that country has been determined. 

■ j You will observe that in the northeast there is a very great area, in 

the Dakotas a>nd Montana, but that these areas decrease elsewhere in 
size, and that in Nevada and the western part of the arid region the 
coal areas, so far as they are known, are small. You will see them scat- 
tered about in various places on the map. (See map.) 

This coal is all of a comparatively late age ; that is, it is of a late age 
as compared with the coal of the eastern part of the United States. 
The coal of the East is of the Carboniferous age. The coal of the 
West is of the Gretaceous and Tertiary ages, but it varies in character 
very much. It varies from a brown, soft, friable lignite, found in many 
places, to the most valuable, dense, hard, anthracite. 
Senator Casey. Where are the anthracite fields ! 
Director Powell. In Colorado, Arizona, and New Mexico, so far as 
I yet know. They may be elsewhere, but we do not know of them else- 
where at present. 
All these coals are valuable for domestic purposes. They are all val- 
. uable for the creation of power by steam. A large part of them are 

i valuable for metallurgical purposes. In this connection it must be un- 

derstood that all coals, wherever found, present in each case a distinct 
\ problem for their utilization. When a new coal-field is discovered it is 

never known to what extent it may be used for metallurgical processes 
until experiments are made and a new method of coking is devised. *A 
new method has to be invented for every new coal-field. A slight vari- 
I ation in the constant part, such as the bituminous or other quality, 

j . compels a change in the processes, and when a new region is discov- 

ered it is not known whether it is valuable for metallurgical purposes 
or not. This knowledge has been gathered now in the arid region. 
Ten years ago it was supposed there was only one field of coking coal 
in the West. One after another, however, the fields have been brought 
J ' in as new methods were invented. I have no doubt that ultimately, as 

I , new methods are discovered by chemists and others, the fields of coal 

will one after another be brought in. In addition to that the fields of 
anthracite coal are being multiplied by discovery from year to year. 

Senator Casey. The gray lignites may be coked to advantage, may 
they not f 
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Director Powell. Many of them may be. We Jiave not discovered 
tbat all can be ; but probably experience will prove that processes wlil 
be discovered tor the coking of all gray lignites. It is donbtfal about 
the brown lignites, however. 

These coal-fields are very rich. They usually have from' two to 
twenty and in some places even fifty beds of coal in one field. These 
vary in thickness from a few inches to 20, 30, 40, 50, and even 100 feet 
in some places. So that the coals are, for all practical purposes for our 
present civilization, inexhaustible. 

These areas are such as, it is found by geological examination, are 
coal-bearing; but they do not always have the coal lying near the sur- 
face. In Dakota and Montana part of this coal-field is near the surface 
and part of it is deeper down at a depth of 2,000, 3,000, 4,000, or 5,000 
feet, so that under present conditions not all of that coal area is availa- 
ble. The expense of getting at the deep coal is too great under present 
conditions in this country. But, notwithstanding all this, there is 
enough coal shown to exist near the surface in the hills, foot-hills, and 
mountains to give an ample supply for this country for many centuries. 

The Ohaibman. They have some coal supply in the new State of 
Washington, west of the arid region, have they not f 

Director Powell. Yes, but you will notice that in these maps I have 
nothing to do with the humid region at alL There is a very valuable 
lot of coal in this space that I now indicate [indicating]. The red spots 
over the blue indicate the more important places where coal is mined ; 
I could not get them all on this map. 

Senator Beagan. There are coal-fields in the Indian Territory and in 
northern Texas which are not shown on that map ; but that is explained, 
I presume, by the fact that that region is outside of the line. 

Director Powell. Yes. 

Senator Moody. Have you had your attention called to the recent 
developments of those coal-fields lying west of what is known as the 
Black Hills ? 

Director Powell. Yes; we are annually collecting the statistics of 
the coal mines. We have a corps of men engaged on that work. 

Senator Moody. Are you acquainted with the bed of coal that the 
Burlington and Missouri Eiver Kailroad people have been developing 
recently f 

Director Powell. Not from personal observation. I know it only 
by description. 

Senator Moody. Have any of your force examined it f 

Director Powell. Yes ; they have analyzed it. 

Senator Moody. Is that what you call an upper bed, or is it a lower 
bed! 

Director Powell. The terms " upper bed" and " lower bed," as used 
by miners, have no special significance. The coal is Lower Cretaceous 
coal, but beds are tilted and brought up to the surface in various ways. 
In one district beds which are geologically low will lie high in the 
mountains, and beds a few miles away which are geologically high 
will appear in valleys, because the dipping of the rocks has so placed it. 

Senator Moody. You are aware, I suppose, that there is a very great 
difference between those strata of coal ? 

Director Powell. Very great ; but the difference does not in the 
least depend upon the geological horizon of the coal. The coals at Rock 
Springs, in Wyoming, belong high in the Cretaceous age and are very 
floe coals. The coals of the Sulphur Greek, 25 or 30 miles away, belong 
6^000 feet lower in the geological series, and are not quite so good. In 
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other districts it will be vice verm^ varying in oharaeter, and that vari- 
ation is owing to the manner in which tl^ coal beds are accuinalated 
in basins. 

Senator Beagan. What are the brown spots indicated on the mi^ ? 

Director Powjsll. Those brown spots indicate the regions where coal 
is mined in large quantities for commercial purposes. I could not put 
all of them on the map. They are multifarious, but I put the moat im- 
portant mines in by dots on the map. (See map.) 

Senator Casbt. Are there not extensive mining operations in Mon- 
tana farther north than your map indicates ? 

Director Powjsll. Perhaps there are, but the £Ekcts come to my office 
only once a year. 

The GHAiBSiAN. These coal areas may be found, on farther develop* 
ment, to be larger than are indicated on the map ? 

Director Powjsll, Yes. These that I show are the coal areas as they 
are known. 

The map which I now place before you represents the drainage basins 
of the arid regions, and indicates to the committee the more iii^portant 
problems which have arisen in each one of these drainage baslnis rep- 
resented on the map. For this purpose I will commence with the At* 
ka^sas basin, that is, I will set forth some of the more important prob- 
lems that have arisen in the utilization of the Arkansas and its tribu- 
taries. (See map.) 

This [indicating] is the basin as outlined on the map. The Arkansas 
Biver heads in the great mountains of central Golorado, in regions of 
perpetual snow, and flows down through the mountains until It de- 
bouches into the plains and runs through a great valley across the State 
of Golorado into Kansas and across a corner of Kansas down into the 
State of Arkansas. 

The mountain region above is cold and inhospitable by reason of its 
great altitude. Great bodies of snow accumulate there during the win- 
ter and frosts may occur during any month of the summer. When it 
leaves the mountains and strikes the plains a warmer and more beaati- 
ful region is reached. In this upper region there are many beautiful 
valleys, valuable especially for pasturing purposes, and the mountains 
and hills on either side are covered with valuable forests. But when it 
reaches the plains it has a broad open valley for its course, and it is 
below where the waters are chiefly used for irrigation. 

During the season of irrigation and in years of scarcity of water and 
small accumulation of snow, the entire volume of the Arkansas is now 
utilized. Any increase of irrigation on the Arkansas Biver hereafter 
must arise from the storage of the waters which now run to waste from 
nine to ten months of the year. The great body of the irrigable lands 
under canal -^-^ 

The Ghaibiscan. Let me interpose at this point just one question. 
Does not a large portion of the water run under ground in the sandY 

Director Powell. Yes. I will come to that point in a moment, if 
the Senator please. 

Senator Plumb. Speaking of the storage of water therCi what is the 
actual average evaporation in that area each year f 

Director Powell. From standing bodies of water it will vary from 
56 to 82 inches per annum, depending upon exposure to winds and uxK)n 
altitude. 

Senator Plumb. What is the difference between the altitudes in that 
matter ? Is there a greater evaporation in the lower altitudes ! 

Director Powell. The higher the altitude the less the evapoiatioji; 
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the greater the exposure tp wind the greater the evaporation^ and 
soon. 

The Arkansas has irrigable lands, then, in the mountain region, but 
tiiey are valuable chiefly for grasses. Below, on the Arkansas and on 
its tributaries — and what I say in relation to the Arkansas itself is 
practically true of most of its tributaries — the lands are situated some- 
what lower than the land now inigated in the State of Colorado from 
this river and its tributaries. 

There is a very important and interesting condition which must be 
explained at this point, for it is a governing condition in the utilization 
of the waters of most of the rivers of the West. I wish to set it forth 
somewhat in full that it may be clearly understood. The waters of the 
West usually head in the mountailns. The mountain streams are clear 
and deep, and in the main run In canons. When the streams leave the 
mountains^ and reach the plains or valleys below, their character is sud- 
denly changed. The dry plains on either side are covered with dust, 
and the winds and storm waters blow and wash this dust into the 
stream. Thereupon, the river or creek immediately changes its charac- 
t-er. While above, it was clear and deep and swift, below it becomes 
broad, shallow, and muddy. You are all familiar with the Platte Siver 
and know what the waters of that river are. It is a thin sheet of tawny 
mud, rolling down to the Missouri. Sometimes it is only 10 to 20 inches 
in depth, varying in places as you cross it. Neariy all the rivers of that 
country thus change their character when they leave the mountains, 
but there are important exceptions. 

The point where this transformation occurs in the character of the 
strewns is a critical and important point in tlie utilization of these 
waters. If the waters are taken out above this point they are used on 
land of less value by reason of climatic conditions, as already explained. 
If they are taken out below this point they are charged with silt and 
mud, and under these conditions they rapidly silt the ground and in- 
jure the lands on which they are placed, and they are especially bad in 
destroying the irrigation works. Water can not be taken out below 
this point because in some places the reservoirs will be filled up and 
the csuials choked, and in other places they will be eroded and cut so 
that they are practically destroyed by the presence of the silt. 

Senator Casbt. That is a mat>ter of practical experience f 

Director Powell. Yes. So that it is always highly advantageous 
to take the water out of the stream at this critical point. 

But, more than that; when the waters come down to this point they 
spread in valleys, like the Arkansas, 1, 2, 3, i, 6, or 10 miles in width. 
A low sandy valley is found with a wide channel running through it ; 
a low sandy " bench ^ on either side. Out into the sands on either side 
the water runs for miles and is rapidly evaporated, so that in a dry 
season no waters are used in irrigation. A large stream may come 
from the mountains of Golorado which may be lost before it reaches the 
Colorado-Kansas line, and no water whatever pass beyond that line. 

In general there is a vast waste of the water in these sands. Only a 
party however, of this water in the sands is evaporated; the other part 
remains in the sands. These sands can be tapped by wells and other 
methods and the water brought out on the surface, so that it is not all 
lost in this manner, although the larger part is lost by evaporation. 

In the valley of the Arkansas irrigation commenced in the State of Col- 
orado. The people of that region are anxious to increase the area of 
irrigation, and. settlers are going into the upper creeks and into the 
mouutaaiis and upper valleys, and are taking out the water in those 
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upper Talleys, to be used in tbe irrigation, in part, of hay-flelds, and are 
raising some few other crops that may be £:rown in that cold climate. 

ISenator Gaset. Some wheat included f 

Director Powell. Not much wheat; the climate is almost too cold for 
that. There are some valleys where wheat may be grown, but not very 
many. The use of water in these upper regions is a great waste of the 
water, because of the climatic conditions, as I have explained. But a 
man may go on a stream above, and another farther up, and cutoff the 
water from where it is used in tbe region below. It is a dif&cult mat- 
ter, under the present laws of (Colorado, to correct that condition of 
affairs, because it is difficult for the farmer in one county to enjoin by 
law the farmer above him in another county from using the water. 
How is he to say to the court that the water which the man above has 
taken is part of the water which he, below, should get for the use of 
his farm ? Both are using the water that flows in the same stream. To 
identify the water used on a farm below is a very difficult matter. So 
that, at present, the tendency ih to settle the mountain valleys, and thus 
to drive the agriculture of Colorado into the mountains, and away from 
the sunny valleys below. That tendency has only begun in Colorado ; 
but elsewhere the evil is of great magnitude, and is accounted a matter 
ot exceedingly great importance, and will, within the next five or ten 
years, becoukC a matter of still greater importance to Colorado. The 
result is the driving of the people into the snowy mountains to live, 
instead of permitting them to live in the sunny plains below. 

These problems that I have mentioned are inter-county, inter-com- 
munity, and inter-farm problems. A new set of problems arises from 
the fact that the Arkansas passes the Colorado line into K^sas, and in 
Kansas the people have to resort to some extent to irrigation. In the 
past year they have developed some irrigation in that region. The 
water which they use flows from mountains lar away ; an^ the people 
of Kansas desire that the water shall be allowed to flow in its natural 
channel until it reaches their State, while the people of Colorado insist 
that they themselves have a right to the water in their State. This 
brings up an inter-state problem which has come to be a serious one. 

Works have been constructed in Colorado, near the line of Kansas, 
and across the line in the State of Kansas, to irrigate lands to the 
amount of over 100,000 acres, and works are projected to be constructed 
this season, and are in part now constructed, to irrigate four or five 
times that amount. Should there be one, two, or three wet seasons on 
the upper Arkansas, and the present season is one of great snow-fall up 
to the present time, the river will supply water to those lands, but only 
on condition that it is not used above in Colorado. In this State, how- 
ever, they are constructing works on a very much larger scale, and if 
these works are finished the waters of even a season of great precipi- 
tation will be used in Colorado, and no supply will be afforded to Kan- 
sas, except such waters as are taken from the sands of the valley. 

Massing from the Arkansas to the Pecos we find problems of the same 
character. The Pecos rises in Kew Mexico and flows through a portion of 
Texas until it reaches the Bio Grande. This is the drainage basin of 
the Pecos, as shown on the map. The waters of the Pecos are now, and 
have for years been, used in New Mexico, in part, and to some extent in 
Texas. Within the last eighteen months or two years the development 
of irrigation on the Pecos, in New Mexico, has very greatly increased. 
There has been some increase of irrigation development in Texas, as the 
maps I have presented will show. There are companies at work this 
winter, with sufficient capital, engaged in the construction of canals in 
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Kew Mexico, and of dams, and to some extent of reservoirs, which, 
when completed, will take the waters of the Pecos, in Kew Mexico, and 
cat oif the entire supply from Texas, and as the matter now stands all 
irrigation, ancient and modern, on the Pecos, will be swept ont of ex- 
istence in two years, unless some supply is provided other than that of 
the Pecos during the season of irrigation. It is, therefore, an inter-state 
problem. (See map.) 

I will proceed to explain some of the problems which have arisen on 
the Bio Orande. For two or three centuries the Spanish people who 
settled on the Eio Grande have been irrigating the soil of that valley, 
and there are many Spanish or Mexican settlements scattered along its 
course. The Eio Grande heads in Colorado. It passes into New 
Mexico and runs southward across that State until ultimately it becomes 
the boundary line between Texas and the Eepublic of Mexico. It is in 
New Mexico, in Texas, and in old Mexico that this ancient irrigation is 
found. In modern times, or within the last five years, the waters of 
the Eio Grande have been taken out, and are now being taken out, in 
Colorado. 

I am informed by the engineer of that region, who has just come 
here, and who has general charge of those works, that it is proposed, 
before the end of another season, to have canals and works ready for 
the irrigation of 1,500,000 acres, and that akeady works are prepared 
for the irrigation of more than 1,000,000 acres. The irrigation of that 
region and the waters of that region, in the main, are under the control 
of an insurance company, which goes into that region, takes out the 
water, establishes rights to the waters of the country, and sells those 
rights to the people and in part buys up the land, so that the company 
owns not only the water and distributes it to the x>eople, but it in part 
owns also the land. 

Passing into New Mexico, then, the water that practically heads in 
{he high mountains of Colorado is largely, almost wholly, cut off from 
the Eio Grande, so that no portion of the water that heads in these 
mountains where there is a great precipitation wiU cross the line into 
New Mexico. Already the effect of that is seen in Mexico, along the 
lower Eio Grande. During the past season the Kio Grande was dry 
for many miles below El Paso, which is situated near the line of New 
Mexico, Texas, and the Eepublic of Mexico. The Eio Grande was dry 
there, and dry for 360 miles above that point; so that the people of the 
lower valley of the Eio Grande in New Mexico, and the people of Texas 
below, and the people of the Eepublic of Mexico, had no water. The 
sand was blowing across the channel of the river, and instead of the 
space being covered by waves of water it was, when I saw it last, .filled 
with sand dunes. 

Senator Pluhb. Was not that due more to the absence of snow in 
the npi)er mountains at the head of the stream than to the taking out of 
the water from the upper stream f 

Director Powell. It is a complex problem. It is due in part to 
that. 

Senator Plumb. Has there not been a lack of snow during the last 
year, compared with former years f 

Director Powell. There has not been as much snow as usual. 

Senator Jones. Is the Gila a tributary of the Colorado t 

Director Powell. It is a tributary of the Colorado. 

The taking out of the water in Colorado subtracts from the river the 
volume of water which might come from those mountains. In a wet 
season there is wat.er enough for all, as irrigation is developed to-day, 
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alike in Colorado, 'New Mexico, Texas, and the Bepablic of Mexico. 
But in a dry season the supply is entirely insufficient for all the lands 
BOW under canals. If in such seasons the water is used in Colorado and 
in upper New Mexico it is entirely cut off from lower New Mexico and 
from the valley of the Rio Grande immediately below El Paso. In a 
dry season nothing can be raised in the lower region, and sometimes 
dry seasons come two or three together. One dry season when lands 
are dependent upon irrigation is disastrous, because fruit trees, vine- 
yards, and all perennial plants are killed. One or two such destructive 
seasons drives all the people away from the country. 

Senator Pl.xjmb. Is any part of that water returned to the river by 
seepage) 

Director Powell. Yes. 

Senator Plumb. What proportion do you know ? 

Director Powell. About 50 per cent. 

Senator Plumb. About 50 per cent, taken from the canal would be 
returned to the river in the seepage f 

Director Powell. Yes, in careless irrigation. In careful irrigation, 
like that practiced in southern California, a much smaller amount is 
returned. With the best irrigation, none is returned. 

Senator Beagan. I put questions to some witnesses with regard to 
that return of water. It was stated that no provision of law had been 
made to compel persons taking the water for irrigation to return it to 
the river. 

Senator Plumb. The question I asked Major Powell was on a some- 
what different line. I referred to the return of water by seepage, what 
would be returned to the river by soaking through the ground into the 
subterranean channels and be then returned to the river. 

The Chaieman. That water does not return or reach the river for 
the first year or two. 

Director Powell. Being asked by a committee of the Senate to in- 
vestigate that subject I have for the last eighteen months been investi- 
gating it, and I have some facts to set before you in their order when I 
come to them. 

Irrigation has also been grep>tly developed in Kew Mexico. The trib- 
utaries of the Bio Grande are being taken out in many places. Many 
streams are being taken out and the water spread upon the land. The 
Eio Grande is a clear stream until it passes Embudo Canon, in northern 
l^ew Mexico. From the mouth of the Chama downward it is a river of 
mud like the Platte, the Chama being also a river of mud. 

Senator Casey. Will you indicate on the map just about where that 
occurs? 

Director Powell. There [indicating on the map] is Embudo Canon. 
It is a clear stream above that point; it is a river of mud below that. 
It is suddenly transformed, like the Platte, the Arkansas, and many 
other streams in the West. (See map). 

Senator Casey. That is after it has left the mountains! 

Director Powell. Below where it leaves the Embudo Caiion and 
receives the Chama. The water of the upper valley is being used to such 
an extent that the water of the lower valleys is being taken away from 
those who have been using it. 

As long as no water is being stored in lakes, natural or artificial, or in 
reservoirs, irrigation in any district depends upon the flow of water 
through the season of irrigation. That season varies in different por- 
tions of the United States from a little less than two mouths to a little 
more than three months, Perhaps on the Lower Colorado it will be flvo 
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months, bat in general it varies from two to three months. The irriga- 
tion practiced in this manner has a practical limit placed upon it by tiie 
dry season. For if in seasons of greater humidity larger areas are 
broaght under ditches, when seasons of greater dryness or aridity come 
the farmers depending on such waters are destroyed. The trees and 
Tines that are growing become dried up and the s^s go to waste and 
the canals are filled with sand by the winds. The limit of agriculture 
is set by the dry season. Hence it may happen, and will happen on the 
Bio Grande' and elsewhere, that in seasons of great humidity there will 
be sufficient water flowing during the season of irrigation to supply the 
wants of all the people now engaged in irrigation there and of the 
people who will want water under the works projected during the past 
year. But during the season of drought the amount of water is insuffi- 
cient to serve the land already provided with canals. 

A part of the waters that are spread upon the land are returned to 
the rivers, as shown by the investigations that your committee have 
been making this year. We have in Colorado and elsewhere studied 
certain streams that were all taken out and spread upon the land. We 
have measured the waters thus spread upon the land while being spread. 
We have then gone below, where these waters have been recovered — 
where the waters flowing from the irrigated land have been used again — 
and we have measured the waters thus used again, and have found that 
the conditions for the recovery of the water vary greatly; that tiiej 
vary greatly for very important reasons ; that in extreme cases 7U per 
cent, of the water returns to channels immediately below the place where 
it is used, and 30 per cent, only is evaporated. But that is undercondi- 
tions where an excessive amount is put on the lands by the farmers. 

Growing plants evaporate three hundred times their own weight of 
growth annually. Whatever the crop may be, whether com, grass, or 
wheat, that grows in one year, it will evaporate into the heavens three 
hundred times its own weight of water. If, then, a crop is raised on a 
field which is irrigated, and a farmer is careless to such an extent that 
the field is ^covered not only with the corn or other crop he desires to 
raise, .but also with a dense growth of weeds, the evaporation from 
that surface will be enormous. But if his field of corn is well cultivated, 
and if speedily after each irrigation he turns, with a harrow or raking 
tool, the ground between the rows, so as to have the ground mulched 
with a thin surface of soil, the evaporation is at a minimum. The great 
duty of water which they have secured in Southern California is secured 
by perfect cultivation, but when the cultivation is bad it requires two 
or three times the amount of water that is required when the cultiva- 
tion is good. 

There are some other conditions afiecting the return of the water 
besides the two mentioned. Something in the nature of the soil and 
sometiiing in the condition of the slopes determine how much of this 
water can be recovered, but under the most favorable conditions we 
find that about 70 per cent, can be recovered to be used again. Under 
some conditions, however, only 30 per cent, can be recovered. That 
depends in part on the condition of the slope, in part on the subsoil 
itself, and in part on the condition of the soil, as well as on the con- 
ditions of the channels below in which it may be gathered. Under the 
best conditions and with thorough cultivation nothing is returned. 

11)6 Chairman. Is there not another condition — ^the condition of time 
when getting the ground saturated in the first instance t 

Pirector Powsu:^. Yes. 
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The Chairman. We had aa illadtration of that at Fresno and other 
places. 

Director Powell. Yes 5 and it is universal. It will be noticed all 
over the country, where it is properly studied. A very large amount 
of water is necessary to saturate the soil the first year. The maximum 
duty of water is not reached until two, three, four, or five years of culti- 
vation have been had. 80 that the claims which the people set up to 
the amount of land which can ultimately be redeemed by the irrigating 
works already constructed are well maintained by the fact, because al- 
though to-day the water may be used to the utmost extent, next year 
larger areas can be irrigated, and the year after still larger areas, and 
this for a term of years will increase until, alter a few years the whole 
duty of water can be secured. When the whole duty of water is se- 
cured, the land well cultivated and economically irrigated, but little 
will return to the streams. 

In the valley of the Eio Grande the greater portion of the water dur- 
ing the season of irrigation is lost in the sands, as in the valley of the 
Arkansas. If the water of the Eio Orande is compelled to flow across 
the line from Colorado into 'New Mexico, it will destroy from 1,000,000 
to I, '500,000 acres of agriculture above, in order to save 200,000 or 
300,000 aeres in -the valley below. The water can not be used below 
for the benefit of the greatest number of people. It is important that 
irrigation in Colorado which is already established and in progress of 
establishment should proceed. 

But what remedy have the people below to save their property from 
destruction! The lateral streams which come in are being taken out 
above in the same manner. Some provision ought to be made by which 
the waters of these lateral streams, and the waters which flow into the 
Eio Grande below the Colorado line, should be made fij'st to serve the 
irrigation already established. As the matter now goes on the new ir- 
rigation is destroying the old. When we come down to El Paso we 
find mountains in that neighborhood the waters of which arecompetent 
to serve all the lands on the Texas side and on the Mexican side if they 
can be utilized — if they can be stored. The waters which can be stored 
in that region are ample for that purpose, but all the storm waters of 
the immediate region must be stored. 

The Chairman. You would add to that the flood waters that come 
down every winter f 

Director Powell. I am supposing that there will be no flood waters 
in dry seasons when the water is properly used above. The people will 
become better skilled in using the water and there will not be so much 
waste of the flood waters. 

The Chairman. Do you think it would be a possibility to use all the 
flood waters f 

Director Powell, I think ultimately it would be possible to use all 
the flood waters. I think the waters which flow from the mountains of 
New Mexico are ample to supply the irrigation already established and 
much more. 

Senator Plumb. What is the valley area of the Eio Grande above 
this canon which was spoken of a while ago ? 

Director Powell. The Embudo Canon f 

Senator Plumb. Yes ; give us a rough calculation as to that. 

Director Powell. Eoughly speaking it would be 5,000,000 acres 
above Embudo Canon, go(^ and bad. It is estimated by an engineer 
of skill and ability that about 1,500,000 acres can be redeemed by im- 
gation there. 
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Senator Oasey. The conditions are such as you spoke of a while 
ago — ^the land not being adaptable, you think, to cereals. 

Director Powell. Oats and wheat can be raised there but not corn. 
It happens to be just in the border region between the upper and the 
lower climates. 

Senator Plumb. Then your opinion is that all the waters that origi- 
nate either by creeks or otherwise and all the storm waters of that 
area will be used within the area when this maximum of irrigation is 
reached. 

Director Powell. That is my judgment. 

Senator Plumb. And then that there will be no water to be utilized 
in the lower Bio Grande. 

Director Powell. Kone from this source. 

Senator Casey. Especially if they raise wheat. 

Senator Plumb. They can raise fine potatoes in that country too. 

Senator Casey. There is not the same salability for potatoes. 

Director Powell. Serious troubles are arising in the Eio Grande 
Yalley now and the valley is all aflame. The people are petitioning the 
Secretary of the Interior and the Secretary of War for troops to pro- 
tect the old rights ftom invasion by those who are developing new sys- 
tems in that country. The difficulty is that at present there is no way 
by which any court or authoritative officer can say whether a canal shall 
or shall not be constructed. There is at present no determination of 
specific waters to specific lands and the area which it is possible to irri- 
gate is six or tw^ ve times as great as the waters will ever serve. What 
is needed is something by which somebody may be able to say that the 
waters shall be used on particular lands, so that the valley i^hall not be 
left open for anybody to construct a ditch above that of his neighbor and 
take away from him the water that he has been using. That is the same 
problem that has arisen on the Pecos. 

The CHA1BMA17. What would be your suggestion as to saving the 
lower waters for the benefit of those people in the Eepublic of Mexico 
and in Texas? 

Director Powell. I think a reservoir can be constructed at El Paso. 
I have had a reservoir planned, and have had the surveys begun in that 
region, so as to discover the areas that would drain into it, the amount of 
water in the catchment area, and the amount that would accumulate in 
the immediate region if it were all cut off above. I find already that 
there is a large flow into the river in the immediate neighborhood suffi- 
cient to fill a great reservoir there which, I believe, would support all the 
irrigation which has been already developed along the lower river. 
The catchment area is not fully surveyed : its extent and the character 
of its slopes are not fully determined; and I can not yet say how much 
water can be caught. 

The Chairman. Would* it be enough for an addition of some new 
land on the Texas side ? 

Director Povtell. I believe it would. 

The Chaibmak. You have stated that it was difficult to have reser- 
voirs on the lower levels. How would you free that reservoir from 
siltf Would that be practicable? Have you considered that ques- 
tion 1 

Director Powell. Yes, I have considered that question with great 
care. That seemed to be a serious problem. If the reservior is to de- 
pend on the bed of the river it is one problem ; if on the mountains 
acyacent it is another problem. If it is to take all the silt of the river, 
and the waters are not cut off by irrigation above, it will fill in about one 
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hundred years if the flow of the river should be continued for the future 
as it has been in the past. We have measured the silt of the river 
from day to day for some months so as to determine that question. 
There is another source of debris in the hills and mountains that stand 
about the reservoir sites, the amount of which is yet undetermined, and 
can not be until the topographic survey is completed. 

The Chairman. Has any method been discovered or devised where- 
by to free the reservoirs from silt f 

Director Powell. Yes; but nothing that is not somewhat prob- 
lematical as yet. If filled by the brooks and creeks that flow from the 
' adjacent mountains it can be constructed with dikes or wings on eithei 
side so that every stream can be checked on the bench above before 
it is turned into the reservoir and its flow turned around a long course, 
and it may be thus forced to deposit its silt on the benches above so 
that the water can come into the reservoir itself comparatively pure. 
The reservoir nnder those conditions would be comparatively iierma- 
nent. It would last two or three hundred years if the silt above were 
cut off. 

The Chairman. What would be the probable cost of that ! 

Director 'Powell. 1 have not the figures before me at the moment 
and I dare not speak from memory. I have the figures at my office. 
The construction of the reservoir might be the minor cost. The right 
of way might be the major cost, because two railroads run across the 
site. 

Senator Eeagan. Eegarding the exhaustion of the waters of the 
Rio Grande, the people tell me that during the flood season the Bio 
Grande is very great in size. 

Director Powell. It is. 

Senator Eeagan. And that it carries a great volume of water. Is it 
j likely that that water could be so stored that it would not flood the 

country! 

Director Powell. In my judgment it is likely that that can be done 
in time. It is my belief that it is possible to store all the waters of the 
Bio Grande in lakes; cut off all the tributaries from Colorado down to 
the Texas line; and if all the tributaries are cut off and the water of 
every tributary is stored there is very little water for the valley of 
drifting sands. But that will not be done to-day or next year. It may 
be twenty years before all the water is stored. If, however, irrigation 
should develop for twenty years as it has developed for the past two 
years in that country the water will all be cut off in less time, that is, 
all the flood waters of the dry season. 

Senator Eeagan. If storage would do they might get the waters of 
the wet seasoD and hold them over for the dry season. 

Director Powell. Yes, that will ultimately be done, to some extent 

Senator Pltjmb. When you say «' season" do you mean "year!'' 

Director Powell. Yes, I mean the dry year. I think the waters 
will be ultimately stored in that region. They are already in that re- 
gion providing reservoirs to store the water and hold it over from the 
wet year to the dry year. 

Senator Caset. Have you formed any estimate as to the number of 
I • dry years in a number of given years I 

' Director Powell. They will come pretty evenly. There will be two 

or three or four years dry, and two or three or lour years wet j not in- 
variably so, but frequently so. 

I place before you to-day a map of the Bio Grande, including all the 
area drained by that stream north of the Texas line. There are some 
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important facti) relating to the utilization of the arid lands which can 
be well eincidated by considering that region of country, and I present 
the map again for that reason. In talking to you about the irrigation 
problems presented in, the valley of the Arkansas, I called your atten- 
tion to the fact that that valley could be divided into districts, each 
one an independent unit. The whole arid region may be divided in 
like manner into natural districts or drainage basins, each one of which 
has its problems so interwoven that the entire district must be so con- 
sidered in planning its system of irrigation works, but which is prac- 
tically independent of all other districts. These hydrographic basins, 
as I caU them, are of three classes, viz, headwater districts, river trunk 
districts, and lost-stream districts. The headwater districts commence 
in tihe mountains and extend down the streams far enough to include 
catchment areas and farming areas. These headwater districts are not 
only found on the main streams, but on all perennial laterals or tribu- 
taries. Usually each lateral or tributary forms a natural district by 
itself. But the great rivers flow on across the plains and down the 
fpreat valleys, and their trunks must be divided into districts, each one 
of which presents an independent system of works. These I call river- 
trunk districts. Then in the arid lands there are many streams which 
do not flow into great rivers and ultimately to the sea,* their waters 
being lost in the sands or emptying into salt lakes. These I call lost- 
stream districts. All of these classes are represented in the Bio Grande 
region, the map of which is before you. 

In considering this subject and planning the work of the Irrigation 
Survey, it has been found that a natural district or hydrographic basin 
must be considered as a unit in which all the problems must be solved. 
In order to report upon the district and recommend a plan of works, 
we must know in such a district how much water will be supplied for 
irrigation where the diverting dam sites, reservoir sites, and canal 
sites are situate and where the lands to be irrigated lie. And it has 
been found, after a careful examination and from the best data we have 
on hand, that there will be two or three hundred such districts in the 
arid region, and that if the survey is carried out it will need a separate 
report on each. I have therefore found it necessary, for the adminis- 
tration of the Survey, to consider these hydrographic basins, and have 
been studying them for some time — in fact for years before the survey 
was organized, for I early recognized that ultimately these natural 
features would present conditions which would control the engineering 
problems of irrigation and which would ultimately control the institu- 
tional or legal problems. The study which I have made in the survey 
in this direction of course can not be considered flnal. An actual sur- 
vey on the ground is necessary to define the limits of each basin, and 
a very careful survey is especially necessary to define the limits of the 
trunk districts. The headwater districts, or those of the first class, 
and the lost-stream districts, or those of the third class, are quite 
easily discovered ; but the districts of the second class require very 
careful study for their determination. The meaning of this will more 
fully appear from the illustrations which I am able to present to you 
to-day in considering the Rio Grande Valley. 

Pirsti, we have the Saguache River, a river with tributaries — a num- 
er of beautiful creeks. The river flows into a sink, and the drainage is 
lost in the sands. Now, the utilization of that water affects that valley 
only. It is independent of all the other regions of country. The region 
of country at the sink is one of sand, and it sinks in these sands and is 
evaporated. It is only on very rare occasions, many years apart, that 
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there will be a great flood which will cause it to overflow and open a 
channel to the Bio Grande. In all ordinary years all the water which 
is used must.be in the valley here [indicating], hence it is an independ- 
ent basin. This is what I call a district of the third class, a lost-river 
district. It will be noticed that in this district the people who engage 
in agriculture here can not possibly have any conflict about water 
rights with the people of any other district. They may use all of this 
element which they can catch and spread it upon their lands, and 
nothing will be cut ofi:' from any other district; nor can they obtain 
water from any other district' to put upon their lands. And they are 
interested not only in the water; they and they only are interested in 
the forests about the fountains whence their waters come, and they are 
the people who should be interested in the grasses which grow in the 
valleys and on the hills and mountain slopes. 

The Saguache district, therefore, is clearly defined in nature. Its 
boundary is marked everywhere by the parting of the waters. 

Passing over to the Eio Grande proper, we have the San Luis dis- 
trict, which is also a headwater district. The San Luis park is a beau- 
tiful tract of land, and high mountains stand around it and gather great 
quantities of water. This is a region lately redeemed for agriculture, but 
already all the flow of critical years with extreme dry seasons is used 
in agriculture, and the companies that are specially interested in these 
water rights are preparing to store and use all its waters which flow 
through this season. It may be possible that they can use all and that 
the area of good land to be cultivated will be sufdcient. We do not yet 
know the amount of water that flows in the streams, nor do we know 
the amount of good available land. Be that as it may, we are able to 
state that this great district is a unit, and that it must be considered as 
such in planning the proper system of irrigation works, and that its peo- 
ple will be as a body interested in the management of its waters, its 
forests, and its pastures. And they are the only people to be interested 
except to this extent, that if the waters are not used here they will flow 
into trunk districts below, to be used there. If the people of the districts 
below, in New Mexico, could lay an embargo upon irrigation in the San 
Luis Valley, larger areas in New Mexico could be cultivated, but the 
loss of water on the way would be such that they would not equal in 
area the lands that could be irrigated in Colorado. It is therefore 
manifest that it is to the advantage of the agricultural interests of the 
country that the people of Colorado who live in the San Luis Valley 
should be permitted to develop their agriculture to the utmost, and use 
all tihe waters that they can put upon good agricultural lands. 

The Eio Grande, in crossing the line between Colorado and New 
Mexico, enters a canon and flows for about 50 miles through the gorge, 
and its waters can not be taken out along this stretch. This canon 
ends where Taos liiver, coming from the east, joins the Eio Grande. 
The Taos is a beautiful stream and all of its waters can be used in its 
own valley. All that run during the season of irrigation and all that 
run throughout the year can be stored, so that the waters of the Taos 
may ultimately be cut off from the Eio Grande. 

The region of country on either side of the caiioii of which I have 
made mention — Embudo Canon — has lava-fields and is not agricultural ; 
but some fair timber grows there and much water comes down into the 
canon, so that when the river emerges into the valley at the foot of Em- 
budo Caiion it is a fine stream, and must always be so whatever water 
is taken out in Colorado above. Some 40 or 50 miles below the river en- 
ters another canon. Between these two canons lies the valley of San 
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ndefonso, into which come some small creeks from the east, and the 
water of the Eio Grande can be taken out at the foot of Embado Canon 
and spread over the San lldefonso Yalley and make here a river trunk 
district, or district of the secoud class. This is a district also well de- 
fined in natnre. Its catchment area i^ lava-fields above and mountains 
on every hand, and its irrigable or farmiug area is the low valley 
stretching back from the Eio Grande on either side. 

Near the foot of San lldefonso the Ghama enters from the west. The 
Chama is a large river for that country, and its smaller tributaries 
drain great mountains, and there are many beautiful valleys scattered 
about through the region. The lower portiou of the Chama runs 
through a sand plain, and these sands are volcauic ashes which drift 
and blow into the river and fill it with sediment. The Eio Grande 
above the mouth of the Ghama is a clear, beautiful river, but at the 
month of the Chama it is transformed by the mud of the Chama itselfl 
It then becomes a river of mud and continues such to the Gulf, as it 
takes up sands along its way. The Ghama Basin is another natural 
basin, having timber lands, pasturage lands, and agricultural ]ands. 

At the foot of San lldefonso Valley the Eio Grande enters White 
Eock Canon and continues its course through a deep gorge tor 40 or 
50 miles. Along this course its waters can not be used for irriga- 
tion. The canon walls are hundreds of feet, and in some places more 
than a thousand feet, above the waters. But the high volcanic pla- 
teau on the east furnishes a notable amount of water to this stream, 
and on the west there is a group of great volcanoes from which many 
beautiful streams flow; so that if all the water should be cut ofi^" at the 
head of White Eock Canon, there would still come into the Eio Grande, 
through the course of this gorge, a vast body of water to be used below 
— water which can not be used elsewhere, as none of the streams above 
on either side of the canon have agricultural lands along their courses. 
But they have great forests. Here some of the finest forests of New 
Mexico are found. This is the great catchment area for the valley 
below White Eock Canon. 

Some flood waters will always come down the Eio Grande from San 
lldefonso Valley, however thoroughly the country may be utilized, and 
additional water will be caught in the canon itself, and so the valley 
below will have a good supply. White Eock Canon empties below into 
a valley which I shall call the Albuquerque Valley. In it lie Bernalillo, 
Albuquerque, Los Lunas, Socorro, and other towns. Now, all the water 
that comes out of White Eock Canon can be used in the Albuquerque 
Valley, as it may be diverted below the White Eock Caiion and carried 
out and stored on the flanks of the valley. There is now much agricult- 
ure in this valley, and some of it is very ancient. Including the 
catchment area about White Eock Canon and the hills and mountains 
on either side, and the valley where agriculture can Ife carried on, we 
have another natural district or bydrographic basin — a district of the 
second class, or stream-trunk district. Now, it will be seen that all the 
water to be used in this great valley comes from the mouth of White 
Bock Canon. Whoever has control of that point owns that dam site 
and has the right to take the water out of its natural channel and carry 
it into canals — has command of all the agriculture of that great district. 

I wish to explain further that the people who have settled here have 
taken out the waters of the Eio Grande and utilized them during the 
season of irrigation, but they have not yet resorted to storage and the 
waters which they use are used to very poor advantage. The flood plain 
or strip of country next to the river which is sometimes overflowed is 
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broad and sandy ; the river itself is shallow and is a river of mud, and it is 
very wide ; so it flows into these sands and is evaporated to a very large 
extent and thns lost to agriculture. Then the people have constructed 
low-lying ditches near to the Eio Grande and take out the water by a 
system which is exceedingly wasteful and which is destroyed more or 
less with every flood. Ultimately they will find it to their advantage 
to take the water higher up, near the mouth of White Bock Oanon^and 
carry it out by high line canals and store the surplus in the lateral val- 
leys. By this means the area of agriculture in the valley can be in- 
creased five or ten fold. 

It is possible to take all the water of the Bio Orande there during the 
season of irrigation. It is also possible to take out all the water there 
during the non-irrigating season. If the water for the non-irrigating 
season is to be stoml, you are compelled to take it out there. Yon can 
not take it out by the present ditches, for they do not flow on high 
enough ground ; but if a canal is constructed from the mouth of White 
Bock Canon, and a diverting dam built there and lakes made — ^there 
ai?e good places — all the water could be used in the valley. So, not 
only is it necessary to take the water out at that one point and utilize 
the entire flow during the season of irrigation, but it is also necessary 
to take it out at that point in order to store the water which now runs 
to. waste. So that if the water is taken out at this one point of which 
I speak altogether, the area of irrigation will be multiplied ten times. 
But that can not be done without considering the rights of the people 
who now use some of the water by improvident and obstructive dams. 

Off to the east here, as you see on the map, is the Santa F6 Creek, on 
which the city of Santa F^ is situated. It also constitutes a distinct 
basin with irrigable lands, timber lands, and pasturage lands, and all 
its waters can be caught and used in the Santa F^ Valley, so that no 
considerable amount will ultimately flow from the Santa F6 Creek into 
the Eio Grande. 

On the west we have the Jemez Eiver, where another natural dis- 
trict of the first class is found. The Jemez Biver drains the Tewan 
Mountains and plateau. The catchment area is well wooded. Fine for- 
ests are found and great mountain meadows are seen, but the land 
above is cold and is not valuable for agriculture, except for pasturage, 
and perhaps a little hay may be cut with advantage. The many streams 
which head in the Tewan Mountains and plateau find their way into 
deep canons. On leaving the mountains nearer Jemez Pueblo the 
whole body of the stream can be taken out and put on the mesa above 
Albuquerque, or west of Albuquerque and Bernalillo. It is another 
natural hydrographic basin of the first class. 

Below Albuquerque we have the Bio Puerco. All of its waters can 
be used in the upper portion of its valley, and there is much more land 
than the water will serve. Very little water ever runs into the Rio 
Grande from the Puerco, and that comes only at flood-time. It is a 
hydrographic district of the third class, with irrigable timber and pas- 
turage lands, and with many fine sites for reservoirs. 

Where the Albuquerque district should end and the next district 
em bracing the MesillaValley and the El Paso Valley should begin, lam 
not able to state, but from such information as I have been able to 
collect, I believe that below Socorro a new natural division can be 
made. 

Let us go on to consider the region of the Bio Grande below, from 
Socorro to a point on the river 30 or 40 miles below El Paso. Here 
there are two valleys, Mesilla Valley above El Paso and the valley be- 
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low, a part of which is in the Bepublic of Mexico and a part in Texas. 
Now it is possible to cat off from these two valleys all of the waters 
which flow during the season of irrigation in critical years and destroy all 
the agriculture in those two valleys unless the waters of the non-irriga- 
tion season are stored. During the non -irrigating season large bodies 
of water come into the Bio Grande from the mountains on either side. 
There are high mountains to the west and high mountains to the east, 
but there are few perennial streams, and they are only small creeks. 
The principal body of the water comes in as storm water. But the 
area is pretty large and its waters can be stored immediately above El ' 
Paso and at the head and along the flanks of the Mesilla Valley. At 
the Point of Bocks, at the head of Mesilla Valley, all of the waters of 
the Bio Grande can be captured again and they can be taken out into 
the Mesilla Valley and used once more. 

The waters of the non-irrigating season can be stored on the flanks of 
the valley, and there is more land than all the waters will serve. Still 
there is a mountain catchment area on either side of the Mesilla Valley, 
the waters of which will flow through the valley at El Paso at flood 
times, and these waters can be stored to be used in the valley bolow in 
Texas and Old Mexico. ' But I do not think there is enough of these 
waters to support all the agriculture now developed if the waters of the 
Bio Grande are all taken out at the Point of Bocks. To maintain the 
irrigation now developed in the El Paso and Mesilla Valleys, some di- 
vision of the waters must be here made. The catch from Socorro down, 
coming from tlie mountains on either side, and the surplus which may 
come down in great floods from the Bio Grande above, must be divided 
between the Mesilla Valley and the El Paso Valley to maintain the 
agriculture already established and to give some development to the 
same. Just how this can be done to advantage is not known; the 
topographic survey has not proceeded far enough. We know where 
the waters can be stored for the El Paso Valley, and I have already 
explained that to the committee some days ago. We can create a great 
reservoir with reasonable economy immediately above El Paso; we can 
also create a reservoir, or series of reservoirs, in the Mesilla Valley ; but 
how much water can be caught and held in these reservoirs we do not 
know, and can not know until the topographic survey is completed; for 
on that we depend to determine the water supply. 

It is safe to say, however, that the reservoir at El Paso may be con- 
structed, and I incline to think that the rights to the present irrigation 
in the Mesilla Valley may be maintained, the rights in the El Paso 
Valley maintained, and that irrigation in both districts may be in- 
creased — but to what extent and to what size these reservoirs should 
be constructed is yet unknown. It will require another year's survey 
to determine these facts. This, however, is certain, that there can be 
no development of irrigation in these valleys through the use of t^e 
waters of the irrigating season only ; in fact the present agriculture 
can not be maintained unless the waters are stored. The irrigation 
already developed in Colorado and the upper valleys of New Mexico is 
destroying the agriculture here. Two more years of development will 
cut it all off when dry seasons come. The only hope for these valleys 
is through storage, and how the entire problem is to be solved by stor- 
age is not yet known. Kor can it be done without some interference 
on the part of the United States. If the General Government does not 
step In and by definite legislation assign specific waters to El Paso and 
the Mesilla, the El Paso Valley will surely be destroyed, and the Me- 
silla Valley can be almost ruined by the people of the Albuquerque 
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Valley. What is needed is the constrnction of storage reservoirs and 
their protection, and the assignment of specific catchment areas to 
those reservoirs. The Government mast say that a certain catchment 
area can be used for the Mesilla Valley and that the remaining catch- 
ment area can be used for the Albuquerque Valley. 

A State, a Territory, and a foreign country are involved, and they 
can not settle the problem for themselves. There is only one way to 
protect this ancient irrigation in the El Paso and Mesilla Valleys and 
their right to use the water of the irrigating season, and to proceed as 
they have heretofore done without storage, and that is to destroy all 
irrigation in Oolorado and all of the lately developed irrigation in the 
valley of the Kio Grande in New Mexico above, and to prohibit forever 
the use of the waters there ; and this would mean that to maintain 
seventy-five to one hundred thousand acres of agriculture^ several mil- 
lion acres of development must be stopped. Of course this can not be 
done. They must resort to storage, and somehow storage rights must 
be fixed and maintained. 

The area drained by the Kio Grande above El Paso is a little more 
than 23,500,000 acres, or about 37,000 square miles. But much of the 
region is mountainous. Even if there was water enough it would not 
be possible to irrigate one-half of the land ; of the arable lands only a 
portion are irrigable, from the fact that there is not water to supply 
them all. It may be that when all the waters of the Eio Grande are 
used in Colorado and Kew Mexico and in the valley of El Paso, in 
Texas, and the fiepublic of Mexico, from three to four million acres 
can be cultivated ; but this can be done only by using all of the waters 
and storing all those that now run to waste. And then the irrigable 
lands must be properly selected, so that the waters can be used to the 
best advantage. That none may be wasted they must be stored where 
there is the least evaporation, and the lands must be selected near 
where they are stored, and the waters must not be permitted to run 
through sand valleys, where they are evaporated. They must be taken 
out from the streams and stored to the best advantage and used with- 
out waste. Then it may be possible to irrigate from three to four mil- 
lion acres. Of course the estimate is rough, because the surveys have 
not been perfected, and it may be too great; I do not think it is too 
small. Now the problem which you ask me to solve is this : How can 
these waters be used to the best advantage ; how can they be divided 
among the best lands ; and how can the rights of the present irrigators 
be maintained? I shall try to answer these questions, and certain 
collateral problems that are involved ; and to do so, shall go over the 
the ground again, district by district. 

Commencing then at the head of the Eio Grande Valley, wo first meet 
with the Saguache. This river sinks in the sands; except in very great 
floods it discharges no water into the Kio Grande. Its valley there- 
fore is an independent district, one of the minor class; all that can be 
done in the Saguache district is to select the best irrigable lands and 
provide that the waters shall not be used where they will be largely 
wasted. 

Then we have a district drained by the headwaters of the Rio 
Grande — a district of the first class. AH or nearly all of its waters 
can be used within the district on good lands, but they must be selected 
or the waters will be wasted. The district lies wholly within the State 
of Colorado. 

The next district below on the river is the San IldefonsO. This is a 
trunk district and thus belongs to the second class. For 60 miles down 
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below the Colorado line the river can not be taken oat* as it rans in a 
cafion. The landB on either side are of little valae and shoald be used 
only for pasturage and forest purposes. This upper portion of the San 
Ildefonso Valley is naturally the catchment area for the waters to be 
used in the valley below the mouth of Embudo Canon. There are some 
creeks that come into this valley from the mountains on the east. This 
district, therefore, has a great catchment area which will supply a large 
quantity of water, which should be dedicated to the use of the farmers 
of the valley below. But they should understand that they can not 
maintain rights to use water coming from the San Luis district ; that 
they should develop their agriculture wholly from the supply of their 
own catchment area. The best lands lie on either side of the river in 
the valley below Embudo Canon and along sections of the eastern trib- 
utaries. These lands should be selected in sufficient amount to use all 
the water for irrigadou, then there could be no controversy about the 
water rights in the district. Settlers could not go upon the non-irriga- 
ble lands and illegally take the water; farming could be developed in 
the valley to the greatest extent and on the best lands, and the farmers 
would be secure from depredation by other farmers going above them 
and pirating the water — to use a term common in the western country. 

Midway in this district, and at the head of the irrigable lands, the 
Taos joins the Grande. It is a fine stream and its drainage basin con- 
stitutes a district of the Axj^t class. All the waters of the Taos can be 
used in its own valley, and it should be established that the people of 
that district have a right to use all of those waters, and that the people 
in •the San Ildefonso Valley below can ncjver maintain the right to have 
those waters flow down to their valley ; that the Taos Valley is not a 
part of the catchment area of the San Ildefonso Valley. 

In the lower part of the San Ildefonso Valley the Chama joins the 
Bio Grande. The basin drained by this river constitutes a district of 
the first class. All its waters can be used at home, and it should be 
established that the people have a right to use them there, and that 
no right can be maintained to the use of its waters outside the district. 

At the foot of the San Ildefonso Valley the Eio Grande again enters 
a deep canon for a course of 50 miles. Along this course it receives 
many important tributaries that drain high mountains, and on these 
and timber region, and is a catchment area for a district below. The 
irrigation can not be practiced to any advantage. It is a pasturage 
calSon is known as White Kock Canon. At its mouth the waters can 
be taken out again and spread over a large valley. In this valley there 
are already a number of considerable towns. Albuquerque is the prin- 
cipal city, and we will call it the Albuquerque Valley, and the district, 
including the valley and the catchment area above, the Albuquerque 
district. It is, of course, a trunk district, and hence belongs to the 
second class. 

Now, it should be established that the people of the Albuquerque dis- 
trict can not maintain rights to use water not caught within their dis- 
trict ; that all the volume of the Eio Grande in the San Ildefonso above 
belongs to the people of that valley ; that the only waters which the 
Albuquerque farmers can use and permanently maintain rights to are 
those falling from the heavens over their district. The irrigable lands 
of the Albuquerque district are in excess of the water supply. The 
nearer to the month of the White Eock Canon they can be used, the 
greater the area that can be irrigated. Perhaps this district should 
terminate at Socorro. Perhaps it should go down to San Marcial. A 
careful topographic and hydrographic survey is necessary to determine 
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this boandary. The district would, at any rate, be more than 150 miles 
in length, and it is a long sand basin. If the irrigable land should be 
selected in the southern end of the district, much of the water would 
be lost on its way ; if it is selected in the northern end of t<he district, 
this water could be saved. The Bio Grande will irrigate 200,000 acres 
in the northern end of the valley. But there are lands already irrigated 
in the southern end of the valley and their rights should be maintained, 
at least until they are justly extinguished. Doubtless this will ulti- 
mately be done. It is of prime importance that no more rights be estab- 
lished in the southern region of the district. 

To the east of the White Canon lies Santa F6 Greek. It is a beautiful 
stream of water and the region which it drains forms a district of the 
first class. Here the city of Santa F6 is situated, and the waters of 
the great creek are all used in irrigation during the summer months. 
An attempt has been made to store water, but it has proved a failure. 
The site of the reservoir was among hills that had been denuded of 
their forests and grasses, and the reservoir was destroyed by the 
enormous and rapid accumulation of debris. Other and better reser- 
voir sites have been found where the forests are not yet destroyed. 
The farmers of the district should have control of these forests, or they 
can not greatly increase the area of irrigation in thetlistrict. The lands 
to be irrigated lie on a plateau in the neighborhood of the city and are 
already of great value. The principal catchment area is in high moun- 
tains where there are extensive forest lands and where there should be 
pasturage lands, but these are largely destroyed by over- feeding. The 
pasturage and timber lands greatly need protection in the interests of 
agriculture below. 

Just above Bernalillo the Jemez joins the Eio Grande, and here we * 
have another district of the first class. The Jemez now*discharges a 
part of its waters into the sand, for there is a long stretch of dunes ex- 
tending from Gia down to the Kio Grande. Still the river has a vol- 
ume sufficient to carry part of its waters over the sands and discharge 
them into the Eio Grande. The catchment area is the Tewan Mount- 
ains and the Tewan Plateau, a lofty region covered with beautiful 
forests and the rich grass lands yet uninjured by fire or over-feeding. 
The mountain meadows are abundant and beautiful, and the forests are 
among the best in New Mexico. The lands to be cultivated by this 
river lie on the mesa west of the Bernalillo and Albuquerque. The 
waters can be stored in the mountain meadows and elsewhere very 
cheaply, but it will be expensive to take the water across the sand 
dunes on to the irrigable lands of the mesa. The mesa itself and the 
catchment area both should constitute one district The waters 0( the 
mountains should be attached to the lands of the mesa, and the right 
to use the water should permanently inhere there. The settlers in the 
valley of the Eio Grande should not be able to acquire rights to the 
waters, for in so doing they will be chiefly wasted. The catchment area 
is a volcanic district, and volcanic cinders and ashes abound ; and these 
conditions make it necessary to carefully protect the lands, otherwise 
they will sink the streams and fill the reservoirs. The forest area is^ 
therefore, chiefly valuable as a catchment area, and which should never 
be denuded of its trees. 

The next stream is the Puerco, which comes in below from the west. 
It heads in the Hacimiento Mountains, on the western slope of the 
Tewan group. Along this range of mountains there are several beauti- 
ful streams that flow into a distant valley into the channel of the Pneroo 

aud heire l^ud iu the s^uds aud pa«9 only ia extreme floods iuto the 
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lished. These obstructive rights are of two classes. First, where a 
lateral stream joins a main stream, the waters of the lateral should be 
taken to lands sufficiently high up its course to be out of the way of 
the development of irrigation on the principal stream. 

The principal stream usually has a lower gradient, and its waters can 
not be taken to very high lauds ; and if the waters of the lateral stream 
occupy the low lands, the waters of the principal stream can not be 
used. This condition of affairs has arisen in many cases already in the 
development of irrigation in the West. The obstructions of the second 
class relate to low line canals taken out along the course of the stream 
which runs in a sand plain. If the canals are taken out here, the whole 
length of line is extravagantly great, and the loss of water is corre- 
spondingly great. All canal linesr which relate to the utilization of 
water for irrigation and to the development of agriculture in arid 
lands — they are all of great importance; no one can be neglected 
without doing serious injury to agricultural industries. If these things 
were done in advance of more dense settlement, and then the people 
permitted to control their affairs in their own way — divide the water 
among themselves in each district as they please, protect and utilize 
their forests in obedience to their own judgment, corrected by experi- 
ence as time goes on, use the pasturage for their flocks and herds, and 
protect it from destruction that they may thus use it, the arid lands 
would furnish homes to prosperous, peaceful, and happy people. 

Senator Plumb. Are you going to deal with the question of the un- 
derflow or subdrainage? I wish to ask you some questions in regard 
to that. 

Director Powell. I am ready to answer any question at once, so far 
as I am able. 

Senator Eeag-AN. That subject will come in better order when he 
comes to discuss the Gila River. 
Senator Plumb. Very well. 

Director Powell. The Gila heads in the mountains in the eastern 
part of Arizona and in New Mexico, but the main part in northern 
Arizona. Euuning along this line in Arizona there is a line of clifl's 
rising from 2,000 to 5,000 feet high, so that the region above is from 
2,000 to 5,000 feet higher than the region below. This [indicating by 
the map] is the plateau of Arizona and this the lowland of Arizona. 
There is a general difference of altitude of 3,000 to 5,000 feet. The 
streams all head on this plateau or in these high mountains, and as they 
flow westward, to unite with the Colorado, every stream becomes gener- 
ally less and less, so that while there may be in dry seasons a great body 
of water coming from the plateau and the mountains and there may be 
scores of beautiful creeks and some small rivers that are perennial 
(even in the dry seasons), yet in dry seasons the low part of the Gila 
will be a series of sand hills. (See map.) 

Senator Casey. In the dry season of every year? 
Director Powell., It is only in the very wet years that there is water 
running in tbe Gila during the dry season. 
Senator Casey. The dry season of the average year! 
Director Powell. In the dry season of the average year the lower 
Gila is dry. The rain-fall above is 20 inches or more, and in the moun- 
tains it may be 24 inches in some places. Below, the rain-fall is from 3 
to 10 inches only. 

Senator Plumb. Where does the rain-fall come from in that region ^ 
Is it firom local evaporation f 
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Director Powell. Partly so, bat id the main ,moet of tbe moistara 
of ttiis region comes from tbe PaciKd Ocean aa'd Gulf of California, 
tliough it is used over nnd over again. It is evuporated and tLeu tails, 
is again evaporated and agaiu falls, and nn on. It is used over and over 
again in tbat manner as it passes eastward with the great upper cac- 
reutaofair. 

I4ow, in all these mountains and olio's from which beautiful streams 
rnu ant many are found which never reach the Olla at all. 

Senator Pluub. Is that not a feature of mountain drainage evety- 
wttere, as in the upper Boohy Monniain region, for examptel 

Director Powbll. It is common but not universal. It is a special 
feature of this region. 

Senator Plvmb. I have seen m^oy streams in the Rocky Mountains 
that were rushing torrents for 3 or 4 or G miles and then disappeared 
entirely. 

Director Powbll. Tee ; bnt I will show yon where nearly all tliose 
occur. They neady all occur in this great basin lying around here [in- 
dicating by reference to the map]. That is the great region of lost 
sti'oamB. Within this region there is no drop of water tbat runs to the 
8e&— tbe region ooloredgreeu and olive ou that map. All of the water 
is lost. 

Senator JoNBS. Is there much rain-fall in that region! 

Director PowBlX. It varies from 3 to 16 inches. 

Senator Pluhb. Is it carried by subterranean streams 1 

Director Powell. No ; it is all evaporated. 

Senator Plumb. Then that is not aided by tbe moisture carried there, 
but is simply evaporated and falls agiiiii f 

Director Powell. It gets a good deal of moistnre from the west- 
Moisture evaporated in this region [indicating] is carried over on to tbe 
Itocky Mountains here. The progress of moisture across tbe continent 
fiom west to east is by steps. It is precipitated and evaporated, and 
again precipitated and again evaporated, and passes across the oonti- 
nent in that manner, by steps, and it is chitHy thrown down on'tlie 
mountains. 

As to the Oila drainage hasin— the lower portion of the Oila is a 
region where the mountains gather tbe main part of the moisture, and 
wliere these waters flow down and are lost in the sand, ultimately to be 
e\ a!>arated ; so that the irrigation of the Gila region deijends on three 
things: First, the ntilization of the running streams abounding in these 
mountains and along Salt River, and streams which head in the mount- 
ains. Secondly, it depends upon the utilization of tbe storm waters; 
less than one-half of tbe mountains of the region give rise to living 
streams. The streams of the mountains of the lower land are Id the 
mala intermittent streams. When the rains of the spring start the 
streams start and run out to the valleys until they are lost, and when 
tlie dry seasons come all the streams of the mountains dry up and tbe 
waters roll down into those lands and can be rei;overed in various ways, 
but in the main, in that coantry, in part by artesian wells and in part 
by wells that must be pumped. 

' While on that subject I will say that the pumping of water from 
wells is a peculiarity of American industry. I never appreciated its 
niagnitnde until this past season. This fall I sent Mr. iEfettletou to 
S]iain to investigate some questions. He has just returned, and tells 
me tbat there is nothing in France, in Italy, or iu Spain to correspond 
with the iudnstry growing up in this country by tbe use of pumps for 
the recovery of water. AmericangcniushasdoDethis; it has invented 
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pumps that can be ran so cheaply and of such power that it is possi* 
ble, at an expense of $200 or $300, to irrigate a good farm in any part 
of the couutry where good wells are found, by the use of pump- water. 

Senator Casey. The pumps being run by steam ? 

Director Powell. By steam one way or another. 

Senator Casey. And it is in this region that they are using those 
pumps? 

Director Powell. In this region they are beginning to develop the 
pumping process. 

Senator Plumb. You saw some of those pumps in operation in Col- 
orado this past year, did youf 

Director Powell. Yes. 

Senator Plumb. Did they seem to be successful there f 

Director Powell. Very successful. 

Senator Plumb. H'ot only on the ground of work but of expense? 

Director Powell. Yes. They have made the expense trivial. A 
boy or a woman can run such pamps. They are very simple; 

Senator Jones. Did they not say they had some pumps in operation 
to which they sent somebody only once or twice a day to look after 
them? 

Director Powell. Yes, they sent somebody to feed them once or 
twice a daj^. 

The genius for invention has solved the probleln for the irrigation 
of a very large district of country in this Southern region, which is of 
great importance for this reason: that is the region in America of 
the highest temperature, the region where the date, the palm, and the 
orange grow, and where cotton and sugar can be cultivated, and all 
the products of a subtropical climate grown. 

Th3 Chairman. Would not that remark apply to the places east of 
the Bocky Mountains in Kansas and I^ebraska where the waters are 
lost? 

mrector Powell. Yes; but there are few countries where it is lost as 
it is there. It is lost in the valley of the Arkansas and in the valley of 
the Platte and in many other places, but there is only a portion lost 
there, while here it is wholly lost, and the people will have to depend 
upon the lost water entirely for irrigation or the region will be abso- 
lutely desolate. 

The Chairman. They have some irrigation in the Salt Eiver Valley. 

Director Powell. Yes, dn the streams above, as I have explained. 

Senator Eeaqan. The mountain streams all dry up in that place ? 

Director Powell. Yes. 

Senator Eeagan. But you remember that it was a dry season when 
we were at Phoenix? 

Director Powell. Yes. I excepted the Salt Eiver and Gila Eiver 
regions in what I have been saying. AH through California and around 
here [indicating] there are short north and south ranges, which do not 
rlBe very high, wiiich furnish no perennial streams. It is in that region 
of country that they must depend on pump-waters for irrigation, and 
to some slight extent on artesian waters. 

Senator Keagan. Senator Plumb made an inquiry about the under- 
streams that flow through the sand. If you remember, some witnesses 
had a good deal to say to us about there being underground rivers in 
some places. 

Director Powell. Yes. If you wish me to talk on that subject I 
shall be pleased to explain the matter. 
Senator Plumb. I£ yoa have finished with what you wished to say 
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about the surface waters I shall be glad to ask you some questions 
about the other. 

Director Powell. I shall be glad to answer any questions. 

Senator Plumb. In your judgment is this under-deposit of water a 
standing body of water merely, or is it a flowing stream ! 

Director Powell. I do not believe it is a flowing stream. 

Senator Plumb. That is to say, is it a great cavity into which those 
streams flow ^ 

Director Powell. It is rather a complicated question. I will explain 
it. There are two problems with regard to it. Where the waters dis- 
appear in the sand, as they do here in the Great Basin, they spread out 
in what is known as a "sink.'' Where they spread out in the sands 
along a great river, as in the case of the Arkansas and the Eio Grande, 
the valleys of which descend 4, 6, 6, 8, or 10 feet to the mile, the waters 
gradually creep down these valleys with a distinct forward movement. 

Senator Plumb. And are replaced by waters coming behind? 

Director Powell. Yes ; but not in the sense that there is a stream or 
flow of water. The water simply percolates through these sands. 

Senator Plumb. That would be important as affecting the quantity 
of this water? 

Director Pow:ell. Precisely. 

Senator Plumb. As to whether any of those waters if removed by a 
ditch would be instantaneously replaced by a pump, what have you to 
say? 

Director Powell. I am very glad you have brought that question 
up. But let me go on one moment. When you pass the mountains of 
Colorado along these streams for the first hundred miles there are per- 
haps only 10 or 15 inches of rain-fall, while on the mountains there is 
an excess of rain-fall. The water is gathered on the adjacent mount- 
ains and precipitated. But when you get from 100 to 200 miles away 
from the mountains the attraction of the moisture is not to the mount- 
ains, but is again eastward, and again the precipitation is greater ; so 
that at some distance away from the mountains you get a greater rain- 
fall than you do nearer the mountains. It therefore requires less water 
for irrigation there than it does above, because nature supplies a greater 
share. On the other hand, the snows of the valleys are forever supply- 
ing a local rain-fall, and the people do not depend on that which comes 
from the mountains. The increase of local rain-fall to 20 or 22 inches 
across that country produces rain-water in the valley much faster than 
it can be pumped out. The quantity of water is ample, but the supply 
will come from the adjacent country, and not from above, if the water is 
used in irrigation above. The lands of the valley will be supplied with 
water by the storms of the plains. 

Senator Reagan. At one place the people described to us an under- 
ground river. They said they were putting in tubes farther up and 
gradually raising them so as to pour the water out on the surface. 

Director Powell. It is a good illustration of one of the *' sinks ^ that 
I have been describing. Here is a river running down from the mount- 
ains — mountains on this side and mountains on that — with springs, etc, 
all gathering into a valley, which at last debouches into a plain below. 
Eight by Tucson is a sink in which the water disappears. If you go 
into that valley you will find that in one place it opens out quite wide, 
while in other places it narrows up into a canon. Wherever it is nar- 
rowed by the solid rock you will get a good flfow of water. 

Senator Plumb. A large portion of the water supply of the city of 
Denver is derived in the same way. But my idea was to inquire whether 
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that was a deposit of water or a flowing stream. Suppose, for instance, 
you should take out 50,000 cubic inches of water in a given moment of 
time, the question is whether this flow of water that is back of it, com- 
ing from this hidden source, will immediately replace it f 

Director Powell. Such questions are properly answered by ex- 
perience, and so what I have to saj^ 

Senator Plumb. I understand that, but I thought you had made 
some observations on it. 

Director Powell. I have. 

Senator Plumb. There is no doubt about water being there, and no 
doubt as to the possibility of getting it Out, because the average slope 
in western Kansas is about 7 feet to the mile, while 2 or 3 feet is suffi- 
cient for that purpose. 

Director Powell. My judgment is this, that the supply of water is 
permanent; that it is permanent by reason of the storm- waters of that 
region, which are great. Many times in the last twenty-two years I 
have been over that ground and witnessed storms. When the rains do 
come the sheet of water that comes down from the adjacent hills is 
enormous. I am confident the source of water is perennial for that 
reason, even though the waters of the river should be cut oft' in Colo- 
rado. 

Senator Plumb. That is to say that acts practically as a reservoir 
for the storm-water? 

Director Powell. Yes ; and on the other hand I do not believe that 
the supply is inexhaustible. I believe there is a limit to it. 

Senator Casey. It might be carried off by constant drainage. You 
have often seen water where the drainage is constant and where the 
wat^r, although very full at one time, becomes exhausted. 

Director Powell. As to that section of the Arkansas Eiver that 
runs through the State of Kansas and has a valley several miles in 
width, I believe that a large area can be redeemed by irrigation by the 
use of its underground water, yet I believe it has its limits. 

Senator Plumb. You think that the taking away of the water will 
have the same eifect underground as it has on the surface streams, that 
is to say, it will dimish the supply below ? 

Director Powell. Yes; that is to say you can not irrigate inimitably 
with it, but it will irrigate perhaps two or three hundred thousand acres. 

Adjourned. 



SECOND day's session. 

Washington, D. C, January 21, 1890. 

The committee met pursuant to adjournment. Present, Messrs. Stew- 
art (chairman), Casey, Jones, and Moody. 

FURTHER STATEMENT BY DIRECTOR POWELL. 

The Chairman. Major Powell, you may resume your statement. 

Director Powell. Mr. Chairman and gentlemen of the committee, I 
propose rather briefly to review some facts relating to important drain- 
age basins, and to continue the statement which I was making at the 
a<ljourument of the hist meeting of the committee, but in the main I 
shall omit the engineering problems and confine myself more exclusively 
to the problems of civil administration. 
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The next basin in order, continuing from the point where I left off at 
the last meeting, is the drainage basin of the Colorado. 

The Colorado is one of the great rivers of tbe continent, being more 
than 2,000 miles in length. It runs in the main from north to south 
and from highlands to lowlands, so that it passes in its course through 
many climatic zones. It heads in the Wind Kiver Mountains and drains 
a large region in the Territory of Wyoming. It also drains a portion of 
Utah and a portion of Colorado. The regions drained in Wyoming are 
very cold, because they lie at a great altitude. All the lands in Wyo- 
ming that can be irrigated by the tributaries of the Colorado or Green 
Eiver are lands valuable mainly for the cultivation of potatoes, hay, 
oats^ and perhaps rye. In some few of the low places wheat may be 
cultivated. But I will designate for our purposes at the present time 
the potato zone of the Colorado. 

Following down the Colorado to the lower regions in Utah and some 
few valleys in the State of Colorado we get into a region where wheat 
is cultivated , but the areas that can be redeemed along the Grand and 
Green Elvers for these purposes are not very great. Still farther down 
the Uintah Valley, in Utah, and the Grand River Valley, in Colorado, 
corn may be cultivated. There are some minor valleys for the next 
700 miles along the Colorado that can be used for the cultivation of com. 

More than four-fifths of the upper drainage basin of the Colorado lies 
from 5,000 to 8,000 feet above the level of the sea. About the rim of 
this basin stand the Wasatch and Uintah Mountains on the west, the 
Wind Eiver Mountains on the north, and the great Eocky Mountain 
system on the east ; all that vast area, as shown in the map before you, 
is all drained into the Colorado Eiver. 

As there are great gorges from 200 and 300 feet to 5,000 feet in depth, 
in general the streams run so far below the surface of the country that 
they can not be used for agriculture. But nearer to the mountains, on 
each side, there are high valleys in the potato region that I have de- 
scribed. 

In the regions below the canons, at the mouth of the Grand Oanon, 
as it is called, the Colorado falls into a great valley, across which some 
mountains stand, but in the main it is a low and very warm valley, atud 
a region where rice can be cultivated. And throughout the world the 
great rice regions in general are where irrigation is practiced. In this 
valley ultimately rice and the vegetables and fruits of that zone can be 
cultivated in great abundance. On the lower Colorado there may be 
cultivated to advantage, also, cotton, sugar, and especially the date 
palm, because the country is far to the south and low. 

Now these are the problems involved in the civil administration : A 
part of the waters are in Wyoming, a part in Colorado, a part in Utah, 
a part in Arizona, and a part of California, and they are to be divided 
between those States and Territories. But there will be no difficulty in 
dividifig them in the upper regions because the land which can be covered 
is lessthan the water will serve. So that all the upper region of the Col- 
orado that can be irrigated may be by the streams, and there will arise no 
necessity for a division of the water between States, counties, districts, 
and people. But when we come to the lower portion of the Colorado there 
they will have to be divided. A small portion of Utah, of Nevada, and 
California on the west, and Arizona on the east can use these waters, and 
after all the waters have been used above, as I have described, after all 
the region is irrigated that it is possible to irrigate, there will still be a 
vast volume of water in the Colorado that can be utilized and divided 
between the States and Territories that I have mentioned. But at the 
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present time there are no means by which those waters can be divided 
between them. It is probable that 5,000,000, 6,000,000, or 7,000,000 
acres of land can be irrigated in this lower region. iSo that ultimately 
It becomes a problem of great importance to divide these waters. 

Passing then from the Colorado drainage, I will omit some of these 
minor areas and speak of the Sevier drainage. 

The Sevier heads in plateaus in southern Utah and runs northward, 
then turns westward, where it is lost in the desert. The people of Otah 
have already taken out the waters of the Sevier below the lower part 
of the valley to irrigate very large areas, and until within two or three 
years, settlements have been crowded on the head of the Sevier, and the 
people above are beginning on the upper portion of the Sevier to take 
out water from its tributaries, and already they have done this to such 
an extent as to cut off the water from the farms below. So that the 
problem now is to divide the waters of the Sevier in such a manner as 
that there will be no conflict. The people above are taking out the 
waters of the stream on to land which is of comparatively little value for 
agricultural purposes because it is cold and in the region designated as 
the "potato region." 

The lower valley of the Sevier is warm, and agriculture is practiced 
there with great success. But, if the process of abstraction of the wa- 
ters from above continues, as it has been for two or three years past, 
much of the water of the Sevier will be cut off and the lower settlements 
destroyed. 

Senator Gaset. What are the people above on the Sevier raising? 

Director Powell. Hay, potatoes, oats, etc. 

Senator Casey, Do they raise any wheat ! 

Ditector Powell. No ; not that I know of. It is possible that there 
is a small portion where wheat can be raised , but the most valuable lands 
are in the lower valley. 

I will speak next of the Jordan drainage, the Jordan being one of the 
upper rivers flowing into Salt Lake, and from which the irrigation of a 
large tract in CTtah is had. 

Dtah Lake cuts in two the valley of the Jordan. Above, the Provo 
and Spanish Fork, and a number of other small streams flow into Utah 
Lake. The waters in these upper streams are taken out to irrigate the 
valleys they pavss tiirough. But not all of their waters ar&used above ; 
a very large amount, in the season when irrigation is not practiced, 
flows into Utah Lake. Utah Lake is a natural reservoir for the Jordan, 
l^ow, irrigation has been carried on and developed in the valley of the 
Jordan to such an extent that practically the waters of the irrigating 
season are already utilized. So that, the development or increase of the 
area of irrigation in the valley of the Jordan, including the whole val- 
ley, is to be made by storing the waters, and they can be largely stored 
in Uti^ Lake. But if Utah Lake is used as a reservoir, it must be 
used in part by cutting down the outlet and in part by damming the 
outlet so that the waters of the winter may be stored therein. 

To do this the lands belonging to people above will be flooded. Al- 
ready there haH been conflict there, but the church authorities stt^pped 
in and settled the matter. The last time there was conflict, a commit- 
tee of arbitration was formed, and each of the two counties involved 
paid one-third of the expenses of the damage, and the church from the 
tithes pAid the other third. They settled thedifftculty in that manner. 
Bat the difficulty still remains, if any increase is to be made in the 
area to be irrigated in the valley of the Jordan, 
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And on Bear River we have another difficulty which ivS Diore than axi 
intercounty aud intercommunity difficulty. Bear River heads ir. 
Wyoming, flows northward into Idaho, makes a great circuit in Idaho, 
and then returns to Utah, where it ultimately empties into the Greac 
Bait Lake. It is therefore an interstate problem, and the people of 
Idaho and the people of Utah are now in constant conflict. During 
the past season the governors of those Territories and their citizens 
have been petitioning the Secretary of the Interior on the subjet^L 
There has been much newspaper warfare about the matter, aud meet- 
ings and conventions have been held to determine how the waters of 
the Bear shall be divided. A large portion of the valley of the Bear — 
the warm and valuable portion of the Bear — lies in Utah. The region 
drained by the Bear — the valley of the Bear — which lies in the Terri- 
tory of Idaho is cold. There is a small area of good land, but in the 
main the lands are grass lands aud potato lauds, such as I have de- 
scribed. So that, there is now pressing upon the De[)artment, Congress, 
or some authority, the problem of dividing the waters of the Bear 
between Wyoming, Idaho, and Utah. 

Passing to the west side of the Great Basin, I will say one word in 
general of the Great Basin. 

The streams which head in the Great Basin, or drain it, do not run 
to the 8ea. So that there^are many small streams, like the. Jordan and 
the Sevier, which head in the mountains standing about the Great 
Basin and are lost in the sinks and salt lakes, and many of them in the 
sand. Of the several drainage basins in Nevada I shall not stop to 
speak now, except a few. 

Here another problem arises peculiar to the region itself. The 
Truckee, the Carson, and other rivers of Nevada, head in the Sierra 
Nevada Mountains within the State of California. The main waters 
used in the western half of Nevada have their sources in California. 
Nearly all the reservoirs for the storage of waters of these streams must 
be constructed in California. The people, therefore, who live on these 
rivers and depend on irrigation have their sources of supply in another 
State. 

If they are to increase the area of irrigation from these streams — 
and it may be very largely increased ; we have already made the sur- 
vey showing that a very large amount of water can be stored in' Lake 
Donner, Independence Lake, Tahoe, etc., in California — if the people 
are to utilize these waters in irrigation on their lands below, they will 
have to go into another State to do it — they will have to construct their 
canals and reservoirs outside of their own State. It makes a very 
serious interstate problem, therefore. 

I shall pass hurriedly over all these points simply to bring out here- 
after the interstate problems in the main. Perhaps I had better refer 
to the Humboldt River. 

The Humboldt River heads in low mountains in central Nevada from 
many small streams and springs. It is largely supplied with storm 
water, so that during seasons of storm a great flood of water rolls 
down the Humboldt River. During exceedingly dry seasons it is 
almost dried up. The problem of the Humboldt is, therefore, to store 
the storm waters immediately along this basiu and to utilize the small 
streams on which they now depend in dry seasons. 

We have here the great valley of California [indicating on the map]. 
I shall make no mention of the waters of the San Joaquin and its trib- 
utaries, but wish to say a few words about the waters of the Sacramento. 

The Sacramento Valley is a region in which irrigation is practiced to 
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some extent, but in which it is not absolutely necessary. During the 
last two or three years especially the people of that region have come 
to understand that irrigation would benefit them very greatly, and tliey 
are now developing irrigation in that valley. Ultimately they will use 
a large part of the waters of the Sacramento for that purpose. 

There is a double problem involved here. The Sacramento and its 
tributaries have heretofore been used for hydraulic mining. When the 
miners and farmers of this region come tO understand that it is wise 
for them to use the waters of the streams for irrigation, the conflict be- 
tween the farmers and the miners will cease. The works necessary to 
utilize the Sacramento for irrigation and the works necessary to utilize 
the waters for hydraulic mining will be common works, and both parties 
will be interested ; so that the problem that has divided the interests 
of that valley between the miners and farmers can ultimately be settled 
to the advantage of both. 

The Chairman. I am afraid that is a little overstated. It will never 
be settled until they get the gold our. 

Director Pov^tell. Perhaps 1 had better dwell upon that point a little. 
First, on the American Eiver and all those rivers used for mining pur- 
poses they have learned enough to know that the waters can be stored 
there. If the waters are stored above in the lateral valley to be used 
in irrigation below in the valley of the Sacramento, an equable stream 
can be preserved along the Sacramento. A flood stream need never be 
allowed to run in the valley ; the waters can be controlled in such a 
manner that floods will not spread over the valley. 

The Chairman. I believe that can be done. 

Director Powell. Then the destruction to the land which is j-ome- 
times done in two or three weeks ot flood-time will not happen. 

The Chairman. The great conflict is that they have a great many 
storage reservoirs. They can work these mines with these waters by 
the hydraulic process, but it will not pay to work them by any other. 
It is estimated that, in the old river beds which run north and south 
at an elevation of 600 feet above the level of the sea, there are a thou- 
sand millions of gold. That is the estimate of experts based on results 
obtained prior to the injunctions against hydraulic mining. But in 
working the mines by that process they cover up the land below and 
that is the controversy. 

Director Powell. The land is covered in this manner: The streams 
that are used in hydraulic mining tear the hills down and distribute 
debris over the low lands — the materials of which the hills are com- 
posed. The bowlders and gravel of these hills' are carried a short dis- 
tance, finer material much farther, sand a somewhat greater distance, 
and part of the material, exceedingly fine, is carried very far down the 
river and there deposited. The rivers, therefore, run like rivers of mud. 
That debris accumulates along the course of the river, chokes the river, 
and forms dams and bars from point to point. So that, when the spring 
rains come and the snows melt the flood comes down all at once, and, the 
channels of the river being choked, the flood spreads itself over the 
Talleys, and the' d6bris from the channels of the river bury the land 
many feet. The Senator knows how that is. I have traveled along 
there for miles when there was a good stage road and telegraph line, 
and a few years after along that same road the telegraph poles were 
buried. Here and there one would have its top protruding above the 
debris. 

Senator Jones. How large an area was covered in that way t 
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Director Powell. I remember indefluitely the area that I saw cov- 
ered from 2 and 3 to 30 and 40 feet in depth^ but as well as 1 can re- 
member — ^it is several years since I was there — it was from 300 to 400 
square miles. 

The Chairman. The Bear and the American Rivers when I first saw 
them had deep banks — 40 or 50 or 60 feet deep. The beds of the streams 
are now above those banks. The highest estimate is that it has coveretl 
up 1,000,000 acres of land. Some have put the estimate higher, to 
1,500,000 acres of land. But a great deal of that land has become good 
again by exposure, and it has helped the land that was back from the 
river by raising the water-bed and moistening that land. So that what 
was dry land back of the river has become moistened land. Bat the 
farms near the river have been all covered up. The miners were en- 
joined from proceeding with this kind of mining. There is a vast 
amount of money in these mountains, estimated by the best experts at 
a thousand millions, and until these injunctions are removed this gold 
will never be utilized. 

Director Powell. I pass from California directly to the Snake River 
or Shoshone River, where some important problems exist. The Snake 
River has its origin in Wyoming, passes into Idaho, crosses the Terri- 
tory of Idaho, becomes the boundary line between Oregon and Idi^o 
for a long reach, finally passes across the State of Oregon, whence it 
proceeds north to Washington Territory, and thence turns westward 
through W^ashington Territory until it joins the Columbia. 

The Snake is a river of great magnitude. Its waters can be stored 
in part in Wyoming, in part in Idaho. Lakes bave already been dis- 
covered as sites for reservoirs, by which a large amount of water, 2,000,- 
000, or 3,000,000 acre-feet— that is, water enough to irrigate 2,000,000 
or 3,000,000 acres of land — can be stored at very small expense. That 
is in the upper part of the Snake River Valley. 

The waters of the Snake River must be divided between Wyoming, 
Idaho, Oregon, and Washington, and interstate problems have arisen 
in part, and will arise hereafter, of great importance ; because it con- 
templates the irrigation of 6,000,000 or 7,000,000 acres of land. 

Senator Casey. What products can be produced thei-e ? 

Director Powell. It is a wheat and corn region. 

Senator Casey. Throughout its whole length ? 

Director Powell. This is a warm valley, a valley in which it is 
desirable to live on account of its low altitude 5 but the upper part of 
Wyoming is high and cold. 

In the utilization of the waters of the Snake arise some problems 
which are found elsewhere, but which can be stated very well here; and 
perhaps I had better dwell upon them at this point. 

If the waters of the Snake should be taken out at points near together 
by small canals along the river and used on lands near to the river it 
will be much easier to develop the first, perhaps, 1,000,000 of acres of 
irrigation along that river. That is to say, it is possible to construct 
diverting dams and to take the water out of the river by piece-meal 
along the river here [indicating on the mapj for the irrigation of the 
first 1,000,000 acres of land. If the water should be takep out high up 
on the river and carried far back over the valley, an area of four, five, 
six, seven, or eight times as large as I have mentioned — I can not say 
exactly how much larger until the surveys are completed — can be irri- 
gated by those waters, and if they are taken out in this manner the 
cost per acre will be much less than if they were taken out by piece- 
meal. 
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But farther than that, if it should be taken out piece-meal to irrigate 
1,000,000 acres of land, then the rights become vested in irrigation works 
there, and then they can not go above and take the water out, because 
it will cut the water out from the people below, and they will have to 
be bought out to increase the area of irrigation. So that it becomes 
important, if all the waters of the Snake River are to be ultimately used 
for irrigation, and many million acres of land redeemed which can be 
redeemed in this manner, to provide now, before little canals are built 
along its course, that the Snake be taken out higher in a few places in 
great bodies, or we shall get into the same condition they are in in the 
valley of the Nile. 

It is estimated that the waters of the Nile, which are now irrigating 
5,000,000 acres, will serve three times that amount with an annual ex- 
penditure less per acre than it now costs to serve the 6,000,000 acres. 
But if works are to be constructed and the waters of the Nile taken out 
firom the supplies above on the lands where drainage is not so necessary, 
it can be done only by buying out the interests on the Nile entirelj , The 
English are now working at this problem of how to meet the necessity 
now existing and drain the lands that are now becoming swamp lands, 
and make the annual expenditure per acre much less and increase the 
area to be irrigated. The problem which I stated about the Snake River 
appears again and again in all the great streams of this country. 

The Columbia River heads in British territory. It is a j^reat river 
and carries a vast volume of water. After it crosses the boundary line 
between British territory and our own there is a great valley which can 
be ultimately irrigated, and there is abundant water which can be used. 
But a large part of the water that is to be used in the United States can 
be used only by constructing works on British territory ; that is to say, 
a large part of the area which could be irrigated in the United States 
could not be irrigated without building works on British territory. But, 
on the other hand, the problem is not so serious. There is more water 
than the people of the British territory need. 

The Kootenay River, one of the important tributaries of the Colum- 
bia, in British territory, flows into the United States and returns to 
British territory^ and there arises an international problem ; and so it 
is with a great many of the smaller streams along the border, streams 
which I need not stop to mention, where international problems are in- 
volved. 

Passing over to the headwaters of the Missouri River, we find that 
the Milk River heads on British territory and flov/s down into the ter- 
ritory of the United States, and with regard to that river international 
problems are involved. Beside the international problems on the Mis- 
souri River we have these interstate problems: That river heads in 
Montana partly, in Wyoming in fact, and flows through both the Dakotas 
southward, so that ultimately there is to be devised some means of 
dividing its waters between Montana, North and South Dakota, and 
perhaps a part may ultimately be used iu Nebraska. The Big Horn and 
Powder Rivers head in Wyoming and run northward into the Yellow- 
stone, and the waters of each of these rivers have to be divided be 
tween Wyoming and Montana. 

The Yellowstone itself presents some interstate problems. The chief 
storage area of the waters of the Yellowstone is in the National Park. 

The Yellowstone Lake is a natural storage basin. In it can be stored 
waters for the irrigation of 300,000 or 400,000 or 500,000 acres of land. 
Along the Yellowstone River is an important problem worthy of brief 
mention here. The Yellowstone has its course through Montana in a 
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deep cancn 400, 600, or 600 feet below the mesa above. Along its 
coarse is a valley varying from 2 and 3 to 6 and 7 miles in width. 
A part of that lower valley is valuable for irrigation; a part, is not 
valuable, and if water were used over the whole of that valley it would 
be largely wasted. But the mesa lands above are good, and it \vonl<l 
be necessary to take the waters of the Yellowstone above this re- 
gion, high up, and spread them over the mesa lands on each side. The 
Cheyenne and Niobrara Eivers involve problems between Wyoming, 
the Dakotas, and Nebraska. The waters are to be divided between 
those sections, and the people are in conflict. Some very Interesting 
letters have passed between the governors of those localities protesting 
against the use of these waters, and Congress has been appealed to. 

Senator Casey. Between Wyoming and Nebraska f 

Director Powell. Colorado and Nebraska, and likewise between the 
governors of Colorado and Kansas. Then below, along th'e Cimarron 
and Ked Rivers, .we have interstate problems. 

I think I have dwelt long enough on this point; but I wanted to 
bring out the fact that something must be devised by the United States 
to solve these interstate problems which are imminent — some common 
scheme for dividing the waters between these States and Territories. 

The Chairman. Before leaving that point I wish to ask a question. 
You spoke of the Missouri and Yellowstone. Have su^cient explora- 
tions of the x^iissouri been made to determine whether that river can 
be taken out or not f 

Director Powell. A very large part of the Missouri River can be 
used in Montana, a part in North Dakota, and another part in South 
Dakota. It can be used alike in Montana, North Dakota, and South 
Dakota. I will only mention here the major streams. 

Captain Dutton. The Missouri River can not be taken out below the 
Great Falls for a distance of 300 or 400 miles. 

The Chairman. It will have to be taken out above the falls ? 

Director Powell. It will have to betaken out above. The Yellow- 
stone, like the Snake River, is a great river, and the ultimate utilization 
of these waters is to depend upon great canals. 

Senator Casey. Can the Missouri be taken out above the falls ! 

Director Powell. It can betaken out between Bismarck and Helena. 

Senator Casey. That is the Yellowstone ! 

Director Powell. No ; the Missouri. 

The Chairman. The Missouri has three forks there. 

Senator Casey. Can it be taken out just above the Great Falls . 

Director Powell. That is one of the questions to be examined this 
summer. 

I will very briefly call attention to another problem — the great plain 
extending from British territory to Mexican territory. There is a region 
of four or five degrees in width, on a part of which irrigation is abso- 
lutely necessary, and on a part of which irrigation is conditionally 
necessary ; that is to say, some years they need irrigation, while in other 
years the land can be cultivateil without irrigation. 

The Chairman. And always beneficially ? 

Director Powell. And always beneficially. I have a map exhibit- 
ing the artesian wells of the arid lauds, o.xtending somewhat over the 
arid area and the plain east of the well-defined arid lands. This map 
needs a little explanation so that you may understand it. 

Artesian wells have been found in great numbers. The geological 
basins in which these wells are found and known are colored in the 
main, as this [indicating on the map]. We have here a basin with many 
— '--'^sati wells in it [indicating]. 
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We have another here [indicatiDgJ — the Colorado Basin, the Denver 
Basin, one in southern Colorado, one in soathern Arizona, and one in 
southern California ; another basin there [indicating], and those basins, 
the geology of which is pretty well known, are in Utah. You see them 
here [indicating on the map]. In addition to this the people have gone 
out of the basins geologically known and have experimented elsewhere. 
Among all those experiments are failures which do not appear on the 
map ; but the successful wells appear and are represented by the dots 
you observe here [indicating on the map]. A dozen or fifteen wells have 
been found in that locality. Each dot does not necessarily represent a 
single well, but sometimes a small group of wells. In some places a 
single well is found and is represented by a dot. (See map.) 

The Chairman. What is that group of wells there f 

Director Powell. That is in Texas, a part in the arid region and a 
part in the«ubhumid region. 

Senator Jones. Are they flowing wells? 

Director Powell. Yes. I have not put in the non-flowing wells. 
There are a great many wells used for irrigation which do not flow over 
the surface, but the waters rise near the surface and are taken out by 
pumps. They do not- appear on this map, however. The region of 
country of which I speak, stretching through there [indicating], is one 
of great interest because of the attempts which have been made to set- 
tle the country without resorting to irrigation. Daring the past fifteen 
or twenty years in many places other attempts have been made to set- 
tle the region. But the settlers who have gone in there have in the 
main left, settled and left, settled again and left, and so on from year 
to year. The region of country is on that border land which will be 
forever attempting cultivation without irrigation. But two, three, or 
four wet years will occur in succession, when agriculture will be quite 
successful ; then will come two or three bad years and they will be dis- 
astrous and the people will migrate. Now, however, the people are 
appreciating the benefits of irrigation, and when they come to realize 
that irrigation is necessary for permanent success and prosperity the 
difficulties will disappear. But while the water supply is not sufficient 
to irrigate all that country, it is sufgcient to irrigate large areas. 

Now, I speak first of these artesian waters not because they are of 
the most importance or of greater magnitude, but because the people 
are looking in that direction more than any other. 

The regions of country underlaid by artesian waters are not at all 
known from a geological standpoint — we can not say to what extent 
they are so underlaid. But there is sufficient evidence to lead one to 
believe that artesian waters are somewhat abundant. 

A geological survey is necessary in order that the geological basins 
may be mapped, and then experimentations in the areas thus mapped 
will confine the work to regions where there is prospect of water, and 
by experiments in part and by geological examinations in part, it will 
be possible to determine what artesian waters are found in that 
region. When they are found they will be valuable for domestic 
and horticultural purposes. And though the cost of boring wells is 
large, and the cost of redeeming lands will be comparatively great^ 
greater than the utilization of flowing rivers, yet the great value given 
the land by irrigation will warrant the expense. 

Artesian reservoirs can never furnish waters for agriculture on a 
scale of sufficient magnitude to be considered as an important source 
of supply. The amount of waters which porous rocks will supply is 
always very insignificant compared with the amount necessary for 
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irrigating any great tract of land. More than half the agriculiare of 
the world is dependent on irrigation. Of this, a very insignificant 
amount depends on artesian w^lls. There are wells here and there in 
Europe, Asia, Africa, and America, and in some of the great islands, 
but altogether they furnish a very small amount of water for agricult- 
ure. If all the artesian wells used for irrigation in the world were 
assembled in Dakota, they would not irrigate a county of land. But 
there are other serious reasons why the attention of the people of the 
great plains should not be directed too confidently to this resource. 
It is the experience with artesian wells everywhere throughout the 
world that if too many are bored in any basin all are destroyed 
thereby. In the northern Illinois district, it was hoped that the 
great city of Chicago could be supplied with water ibr domestic pur- 
poses by artesian wells, but experimentation has proved that, while a 
few good wells could be secured, a great number was impossible; that 
the supply of water would be absolutely inadequate for the wants of 
the city ; and so the authorities were compelled to resort to the lake 
for their supply. Now, to irrigate the site of the city of Chicago 
would take more water than to supply it for domestic purposes; so 
that the artesian wells of that district would be entirely inadequate 
to irrigate an area as large as the city, or perhaps one-fifth or even 
one-tenth of the area. Some years ago it was pointed out that the city 
of Denver and the region round about was the site of an artesian 
basin. The first well site proved to be very valuable, and the desire 
to secure water for domestic purposes therefrom led to their multipli- 
cation. More than three hundred have now been bored, and grad- 
ually with the progress of the boring the collapse of the wells has 
resulted, and now all the wells have to be pumped; there is little or no 
flowing water from them. These instances might be multiplied all 
over the world, and the experience of mankind testifies that it would 
be unwise to encourage the people of any district of country to de- 
pend upon artesian waters for irrigation on any large scale for farm- 
ing. Waters for domestic purposes, for irrigating gardens, and for 
supplying stock ranches may thus be obtained in many regions, and 
the supply of water that can thus be furnished is of value ; but when 
considered as a source for agriculture, for the cultivation of fields and 
large tracts of country, it will always be inadequate ; and it is unwise 
to encourage any people to engage in agriculture on a large scale and 
depend on irrigation from artesian wells. 

For the district of which I am now speaking, extending from the 
British to the Mexican line iu a broad belt across the plains on both 
sides of the hundredth meridian, the people will ultimately be com- 
pelled to depend upon another source of supply, and one so important 
that in comparison therewith the artesian supply sinl^s into insignifi- 
cance and seems hardly to be worthy the mention. I refer to the use 
of the storm waters. One- third of the agriculture carried on by irriga- 
tion throughout the world is prosecuted by the storage and use of storm 
waters, and the experience of mankind in this respect Is replete with 
lessons that can not be neglected. The region to which this is espe- 
cially applicable is the sub-humid region. It differs from what I have 
called the arid region in that it generally has a greater rain-fall, dis- 
tributed more evenly over the country, as it is not interrupted by great 
mountains where the precipitation is concentrated, having from 15 to 
22 inches of rain-fall in the average year; sometimes more, sometimes 
less. There are many years when agriculture is prosperous without 
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irrigation; there are others when it fails without an artificial sapply of 
wat^r. Oradaally with the progress of agricultural development it is 
possible to cover the country with storage basius, or tanks as they are 
nsnally termed, in which water may be held to be used in seasons of 
drought. By this means the farmers may be able to tide over the dry 
years, and farming may be made prosperous and highly remunerative 
thereby from year to year. It is in this direction that the attention of 
the people of that region should be turned. 

There is another source of water for that country of far greater im* 
portance than that of artesian fountains, but far less than that of the 
storm waters. I refer to sand reservoirs along the channels of the 
streams, especially of the great rivers. In that region of country the 
stream valkys are often great beds of sand, into which sinks the watet 
which comes from the distant mountains, and into which sink the storm 
waters that come from the adjacent hills. Experience in other coun- 
tries shows that this source of supply is worthy of consideration, and 
the experiments now in progress in the Arkansas Yalley give indica- 
tions of like character. 

Mr. Chairman, X have prepared a statement in relation to the artesian 
wells of the Great Plains which is partly in tabular form, with a brief 
explanation of the geologic conditions under which these artesian for- 
mations exist. With your permission I will present it. 

GEOLOaiCAL DATA RELATING TO ARTESIAN WELLS IN THE SUB- 
HUMID REGION OF THE GREAT PLAINS. 

THE DAKOTAS. 

Location. — The artesian wells in the Dakotas £ire situated east of the 
one hundred aud first meridian, and, with the exception of the one at 
Pierre, they are east of the one hundredth meridian. They occur in 
great numbers in the Red Eiver Yalley, making a belt through the 
Dakotas, with adjacent portions of Minnesota and Manitoba, and mak- 
ing a second nearly parallel belt running from Yankton northward to 
Devil's Lake. 

Olasaification and reference to geological horizons. — ^The successful wells 
thus far bored in the Dakotas and adjacent regions, may be arranged 
in four groups, with reference to the geological horizons from which 
they derive their water supply. These are, (1) wells of little depth 
which do not pass through the drift ; numerous in the Red River Yal- 
ley; (2) those which penetrate to the Cambrian rocks, as at Grafton, 
N. Dak. ; {^) those deriving their water supply from the middle or up- 
per portion of the Cretaceous, illustrated by a single well in the western 
part of Cass County, and by several wells in the Red River Yalley 
which pass through the drift ; (4) those penetrating to the Dakota sand- 
stone, the basal member of the Cretaceous. This group is Important, 
and is illustrated by numerous wells ranging from Yermillion and 
Yankton northward to Devil's Lake. 

Welis in tlie region adjacent to the Dakotas. — Artesian wells have been 
bored in the States and Territories bordering the Dakotas on the east, 
north, and west, a knowledge of which is valuable in discussing the 
possibilities of the subterranean water supply in those States them- 
selves. The llavorable conditions for supplying water in the Red River 
Valley extend northward into Canada, as far, at least, as Winnipeg, 
and eastward into Minnesota. 
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The saccessful wells in Manitoba, with the exception of one at Bosen- 
feld, about 20 miles northwest from Emerson and St. Vincent, are all in 
snperiicial deposits. The well forming the exception has a depth of 
1,037 feet, and penetrates to the Cambrian. The water flowing fh>m it 
is saline. 

The shallow wells of Manitoba are as follows : 



Location. 



Near Letellier. 



12 Manitoba Wells of Morris. 
Dominion City ■ 

KearNiverville (about twen- 
ty wells). 
Winnipeg (several wells) . . . 



Depth. 



Feet. 
250 

250 

107 

40-170 
50-100 



strata penetrated. 



Drift (150 feet?) and Cretaoeons or 
Silarian. 

do 

Drift till under lacustrine and allu- 
vial beds. 

Drift, nearly all till 



.do. 



Water supply. 



Saline and alkaline. 

Do. 
Brackish. 

Good, fresh water. 

Do. 



! '4 



The saccessfal wells of eastern Minnesota which penetrate strata 
below the drift are as follows : 



Location. 

Houston County : 

Brownsville 

Wabasha County: 

LakeCity 

Goodhue County: 

RedWiug 

Dakota County: 

Hastings 

Mendota 

Freeborn County : 

Albert Lea 

Blue Earth County: 

Minnec pa Falls. 
Nicollet County : 

Saint Peter 

Hennepin County : 

Minneapolis — 

St Louis County : 
Tower 

Traverse County : 
Brown's Valley. 

Kittson County: 
Humboldt 



Depth. 



Feet. 
590 

820 

450 

1,160 
857 

300 

1,000 

200 

205 

400 
465 

644 



Strata penetrated. 



Cambrian. 

do.... 

do.... 



.do., 
.do.. 



Devonian. 
Cambrian. 
do.... 



Lower Silurian and Cambrian, i. «., 
Trenton and St. Pet«r sandstone. 



Archean schists. 



Cretaceous (Fort Benton shale), to 
Dakota sandstone. 



Cambrian. 



Water supply. 



Fresh, rising 10 feet 
above surfioe. 



Fresh, abundant. 

Do. 
Saline and alkaline. 

Do. 



The unsuccessful wells of eastern Minnesota are as follows : 



Location. 



Depth. 



Mankato . . . 
Minneapolis 

dS:... 

Do.... 
St. Paul 

Do.... 
Freeborn . . . 
Stillwater .'. 

Duluth 

Tracy 

Moorhead. . 



Feet. 
2,204 

622 

1,431 

2,150 

671 

850 

950 

3, SCO 

1, 507 

724 

1,425 



Strata penetrated. 



Cambrian. 



Trenton and Cambrian 

do 

do 

do 

do 

Devonian , 

Throu;;h Potsdam into Keweenowan . 

Archean 

Tbrouf^h Cretaceous to granite 

Drift, 220 ; Cretaceous, 150 ; Archean, 
1,055. 



Water supplv. 



Rose to 90 feet below 
surface. 
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The wells of Minnesota which aresaccessful but do not penetrate below 
the drift are as follows : 



Looation. 



Depth. 



Blue Barth and Faribanlt 
Coanties : 
Sterling, Mapleton, Welld, 
etc. (about two bandred 
wells in the vicinity of 
Maple River, on the 
area of the Glaoial Lake 
Minnesota). 
Donfflas County: 

Oaakifl 

Hadson. 



The following are in the Bed 
Kiver Valley, on the area of 
the Glacial LakeAgassiz: 
Traverse County : 

Near Wheaton 

Tintah 

Do 

Do 

Near Tintah 

Wilkin County : 

Champion T o w n- 
ship, many wells. 

Atherton 

Da. 

Do 

Clay Connty : 

Near Barnesville — 

NearSabin — 

Near Moorhead 

Kragnes 

Near Georgetown. .: . . 
Becker Connty: 

.Haniden 

Do 

Norman County : 

Perley 

Halstead 

Sight miles northeast 

of Halstead 

Do 

Ada 

IfOckhart 

liOckfaart vicinity — 
From Ad a to Crooks- 
ton many wdls — 
Polk County : 

Near Kittson 

Do 

Carman 

NearCrookston 

Do 



Feet 
25-120 



60 
35 



Do , 

Do 

Vicinity of Crooks- 
ton, probably one 
hundred wells. 
Fisher 



Near Angus 

Do 

South Angus 

Marshall County : 

Argyle 

Tamarack and vicin- 

X 

Do 

Stephen 

Do 

Kittoon Connty : 

Donaldson 

Near Kennedy 



119-182 

55 

45 

67 

3&-160 

50-66 

11 
37 
45 

36 

180 

100-228 

155 

180 

75 
110 

200 
250 

165 
219 
217 
140 
125-150 

100-200 

80-112 
140 
100 
180 
190 



205 

236 

165-240 



Near Hslluck. 
N«*nrNniihc*nt«. 
Si Vii:ciut .. . 



285 

45 

70 

253 

150 

285 

74 

95 
218 
220 
240 

45 
!I5 

119 
30 

165 



Strata penetrated. 



Till, with included seams of water- 
bearing sand and gravel. 



.do 



Glacial drift (till) with included seams 
of water-bearing sand and gravel. 



Water supply. 



Fresh, copious. 



Fresh, scanty. 
Do. 



do 
do 
do 
do 
do 

do 

do 
do 
do 



All these go through thin lacustrine 
and alluvial beds, then are for most 
of their depth glacial drift (till), 
with seams of water-bearing sand 
and gravel. 



Alluvium and lacustrine beds, then 
glacial drift (till), in which are 
water-bearing seams of sand and 
gravel 

...^.do 

do 

do 



.do 

.do 
.do 
.do 

.do 
.do 
do 

.do 
do 
.do 
do 

do 

.do 

do 

.do 

.do 



Fresh, abundant. 
Do. 
Do. 
Do. 
Do. 

Fresh, very copious. 

Fresh. 
Da 
Do. 



All firesh, with oo^ 
pious supply. 



Fresh, copious. 



Do. 
Do. 
Do. 



Alkaline and saline, 
copious. 



Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Fresb, copious. 

Do. 
Saline, copious. 
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West of the Dakotas wells have been bored iu search of artesian 
water at the following localities : 



'Looatioii. 



GlendiTe 

Miles City (fourteen wells). 

Billings 

Bozeman 

Helena 



Depth. 



Feet, 



180-560 
1,000 



160 



Strata i>enetrating. 



Laramie or Fox Hills 
Laramie (?) 



Biver gravels. 



Water sapply. 



^ot flowing. 

200 gallons per mimitei 



WeVs in the Dakotm. — ^The deep wells of the Dakotas, with exceptions 
noted later, are situated in a belt ranging from Vermillion and Yankton 
northward to Devil's Lake, and derive their water from the Dakota 
sandstone. The available data concerning these is given Id the follow- 
ing table : 



Locality. 



Vermillion 

Yankton 

Do 

Yankton vicinity .. 

Tvndall 

Mitcliell 

Plankinton 

Kimball 

Chamberlain 

Letcher 

Woonsocket 

Artesian City 

Vilas 

Huron 

Brookings 

Miller 

Highmore 

Harold 

Hitchcock 

Bedfleld 

Frankfort 

Fanlkton 

Gettysbargh 

Ashton 

Andover 

Groton 

Aberdeen 

Colarabia 

Ipswich 

Hfllendale 

Jamestown 

Jamestown vicinity 
Devil's Lake 



Depth. 



Feet. 
350 
610 
165 



600 

1,300 
1,500 
1,100 



600 
1,300 



863 

900 

1,148 

1,552 

1, 300 

965 



1,800 

1,800 

915 

1,070 

960 

908 

965 

1, 270 

1,087 

1,476 

1,321 

1.511 



Ko. of 
wells. 



15 

is 



Many. 



Diameter 
of bore. 



Tem- 
per- 
ature. 



Pressure 

(per square 

inch). 



Inches, 



6 



6 



•6 
6 



dlr^ii 



6 

^ 

6 

4^5-0 

6 



3i 



^FaTi. 



62 



60 

80 

68 



55 
64 



60 
60 
65 
65 
70 



Pounds. 



32 
140 



122 



140 
95 



250 



170 



125 

25 

80 

18&-2J8 



50 

90 

387 

140-160 

170 

70 
125 

95 



Elevation 

(surface 

above sea). 



Feet 

1,150 

1,196 

1,196 

1,196 

1,418 

1,801 

1,528 

1,788 

1,363 

1,300 

1,808 

1,313 

1,480 

1,285 

1,636 

1,587 

1,890 

1,801 

1,139 

1, 300 

1,296 

1,595 

2,082 

1,296 

1,476 

1,301 

1,300 

1,304 

1,530 

1,453 

1,400 



SoT&ceof 
Dakota 

(above flea). 



FegL 



616 



1.470 



*•»*■«« 



4S2 



438 
338 



381 
406 
341 
396 
339 
260-300 
3fl6 
50 



39 



Locality. 



Vermillion 
Yankton . . 
Letcher ... 

Vilas 

Huron 

Brookings. 



Miller 

Highmore. 

Pierre 

Hitohoock. 



Artesian 

head 

(above 

sea.) 



Feet. 



1,270 



1,678 



1,876 
1,948 



Water 
supply 
(per 
min- 
ute). 



GaUs. 
80 
3,000 
Large. 



1,400 
None . 

1,000 
14 



Can be ini- 
gated by di- 
rect flow, 
allowing 4 
inches for 3 
miles. 



Acres. 

95 
3,570 



1,066 



1,190 
16.6 



Character of water. 



Slightly bard, drinkable, used in boilers. 

In process. 

Said to end in granite. Minnesota Geologiesl 

Survey thinks this doubtful. 
Excellent ; good for all pnrposos. 
Soft and of good quality. 
In process. 
Used for irrigation. 
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Locality. 


Artesian 

head 

(above 

sea). 


Water 
supply 
(per 
min- 
ute). 


Can be irri- 
gated by di- 
rect flow, 
allowing 4 
inclies for 3 
miles. 


Character of water. 


l^aallcton. ........... 






71 
""357' 


Abandoned ; drilling another. 


Ashton 

Andover ........... 


1,411 
1.684 
1,733 
1,670 
1,708 
1,602 
1,742 
3,680 


60 
300 


Oroton .......... 




Aberdeen 

nolnmlilA 


3,500 
4,000 


4,165 
4»760 


Soft. 


Tnn wifili . ...i... 


Soft (slightly brackish). 

Soft ; not pleasant to the taste. 


Kllendale .....f 


600 
375 


714 
446 


Jamestown 

Jamestown vicinity 
Devil's Lake 


Analysis given on page 11. 
Abandoned. 


1,575 


40 


47 





One hundred gallons per minute will give 4 inches of water to 110.3 acres in three months. 

The wells enumerated above derive their water from the Dakota sand- 
stone. Those at Vermillion and Yankton were began in the Fort Ben- 
ton. The remainder were begun in the Fort Pierre and pass through 
the Fort Benton. 

Chemieal composition. — The water in the wells indicated in the above 
table is generally brackish or alkaline, not therefore adapted for drink- 
ing ox culinary purposes, and objectionable for use in steam boilers on 
account of the mineral salts deposited from it. 

The water in the artesian well at Jamestown has been analyzed with 
the following result: 

LHardness, 21 degrees.] 



Test for organic matter : 

Free ammonia 

Albuminoid ammonia 

Permanganate test : 

Oxygen consumed by carbonaceous oxygenic matter in three hours 

Nitrates 

Nitrates 

Silica ... 

Alumina 

Carbonate of iron 1 

Carbonate of lime.... 

Sulphate of lime 

Sulphate of magnesia 

Sulphate of soda 

Sulphate of potash 

Chloride of sodium 

Phosphates 



Parts per 
million. 



2222.6 



Grains 

in F.S. 

gallon. 



2.4 
.046 

6.7 
None. 
Trace. 














35.7 




3.5 


2.0823 


2.2 


.2041 


188.0 


.1283 


249.0 


10.6743 


154.2 


14. 5241 


1139.4 


8.9044 


81.5 


66.3602 


369.1 


4.7528 


Trace 


2L6296 



129.2496 



Professor Dodge, the chemist who made the analysis, states that in 
his opinion this water would not be suitable for regular use as a drinking 
water. 

A, qualitative analysis of the water in the well at Devil's Lake has 
also been made by Professor Dodge, which shows that it is of about the 
same composition as the water in the Jamestown well. 

The foliowiog notes from report of Irrigation Committee, Yol. 1, 1883, 
in reference to the water from other wells of the same class as those 
just mentioned, is here inserted : 

Tankton, —Water slightly hard; pleasant to the taste; is used in boilers and glyee 
good satisfaction. 
Highmore^—Wtkter very soft and of good quality. 
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Jlfifier.— Water exoellent and good for all porposes. 

Jpiichh. — Water very soft ; coiilBmBsoda,potBaaiuuiaadalUe(lsalta; tastes aligbtty 
brackish. 

Columbia. — Water coatains mineral properties ; very soft. 
ElUndalc—WSit^r not pleasant to the taste ; very aoft. 

ThesR aiialyses and notes indicate that tbe water derived from the 
Dakota saudstODe does not contain sufficient alkaline salts to be inju 
nous to vegetation, especially iu a region that has arain-fall as greatas 
ihat of the eastern part of the Dakotas. 

In various portions of the testimony before the Irrigation Commission, 
the beneficial effects of irrigation with the water of Dakota saodstoM 
welts are meotloDed. 

Tbe t«mperatare of the water derived from these wells in general in- 
creases witb the depth of tbe boring. This is shown iu the followiog 
table: 



WriL 


"""' 


T™^ra 


Wea 


Depth. 


^'i^r 




Fiet- 

i 


68 
70 


Columbia 
Alwrdeea 






"Fak 











































PleiatoceTte wells. — Tbe wells which do not penetrate below the driff 
are eltoated in tbe Eed River Valley, principall,^ in tbe bed of Lake 
Agaesiz. Tbe formation a few miles ba«k tiom tbe river is glacial till, 
nearer tbe river the till is overlain by lacnstral salt. Fresb water is ob- 
tained from tbe wells south of Blancbfoid, N. Dak., and Grookstou, Minn. 
Farther north their waters are almost invariably brackish and alkaline, 
and not suitable for household use or drinking, allhoagb they are liked 
by cattle and horses, and are not injurious for this purpose. 

Tbe wells in the Red River Valley number more than one thousaQd. 
Of these about one-half are in North Dakota. They range In tempera- 
ture from 460 to 50° Fah. in the south, to i2° Fab. at tbe north. The 
available data concerning a few of those iu North Dakota is here in- 



^' 



L 



!.„«... 


Depfli. 




W.tOTBOpplj. 


Blcblaud Connt; : 


Feet. 
85 

227 

ISIt 
158 


TLin Bllnvial und Isona-) 
trine bede^ Ifaenthupria- 

af filflclal drift (till), iu 1 
whlcli UTe wntcrbearine 
beamBaCMndaDdi^yenJ 




DwUht. TiaioVty (teDweUs}.... 




































'""i£X^' 




Erereit 




'*'*'"dJi"'' 


FrMli.ciiploim. 














Qudner. vlolnitr. (maurwelb) 
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Location. 



Cass Coanty— Continued. 

Grandin (within an area ot 60 
rods). 

Traill County: 

Qoincy i 

Kelao 

Do 

Kelso, vicinity 

Do 

Blanchard (ten wells) 

Hillaboro 

Do 

Do 

Do 

Grand Forks County : 

Grand Forks 

Do 

Hanvel , 

Do 

Walsh County: 

Ardoch 

Minto 

Do 

Grafton 

Auburn 

Pembina County: 

St. Thomas 

Glasston 

Hamilton 

Bathgate 

Bathgatei^ vicinity (eleven wells) 
Keche, vioinitiy 



Depth. 



Feet. 

f 105 
158 
187 
248 

213 
109 
110 
110 
175 
175-404 
1051 
125 
175 
198 

265 
270 
166 
175 

164 
196 
200 
156 
175 

175 
200 
179 
143 
130-160 
220 J 



Strata penetrated. 



Partly in cretaceous. 



Thin alluvial and lacus- 
trine beds; below these a 
sreat thickness of glacial 
drift (till), in which are 
water-bearing seams of 
sand and graveL 



\ 



Water supply. 



Brackish,[copion8. 



All in this northern part 
of the valley are brack- 
ish and alkaline. 



The wells not incladed in the classes already noted are as follows : 



Location. 



Grafton 

Tower Ci^ 

Casaelton and vicinity 

Amenta and vicinit]^ 

Blanchard and vicinity (six wells) 
Mayville 



Depth. 



Feet, 
915 

670 

317-350 

250-279 
300 
395 



strata penetrated. 



Passed through stratified 
rocks to granite. 

Fort Pierre shales to Nio- 
brara horizon. 

Passed through the drift 
into cretaceous rocks. 

do 

do * , 

do 



Water supply per min- 
ute. 



QaXtj(m9. 
1,000. 

9|; rises 33 feet. 

Brackish alkaline, cO' 
pious. 
Do. 
Do. 
Do. 



All of the wells enumerated in the last table, excepting the one at 
Tower City, are situated in the Eed River Yalley, and passing through 
the glacial drift enter older formations. 

The one at Oration passes through the Cambrian and into the gran- 
ites beneath. Water was first reached at the depth of 603 feet; 400 
feet deeper and resting on granite, a second sandstone stratum was 
reached which contained saline water. The well was continued 12 feet 
into the granite, but was subsequently filled so as to receive water only 
f^om the first water-bearing strata reached. 

The remainder of the wells in the Red River Valley which pass through 
the drift are supposed to derive their supply from the middle portion of 
the Cretaceous. 

Sources of water supply, — The source of the water in the wells which 
do not pass through the drift, although indefinite and perhaps impos- 
sible to determine accurately, owing to the irregular stratification of 
the deposit, is certainly not distant, and depends on the rain-fall and 
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topographic configuration of the immediate region. It is pos8ible, how- 
ever, that the salt wells in this region may be supplied irom springs in 
older rocks which are deeply drift-covered. The principles applicable 
to continuous water-bearing strata included between impervious beds 
and conducting water from distant sources, can not be applied to wells 
of this class. 

The wells which derive their supply from the Fort Pierre, Fort Bea- 
ton, Dakota, and Cambrian formations, on the other hand, penetrate 
evenly bedded strata^ and depend for their supply on the hydrostatic 
pressure of water denved from distant sources. 

In order to determine the source of the water in these wells, one 
must ascertain where the water-bearing strata out-crop at an elevation 
sufficient to insure a flow at the surface where the wells are situated. 

The Gambrian and Silurian rocks underlying the eastern portion of 
the Dakotas come to the surface in Minnesota and adjacent portions of 
Canada. It is barely possible, as I have been informed by G. R, Van 
Hise, that these strata may derive their water from the eastern out- 
crops indicated. A general western inclination of these rocks from 
their outcrops west and north of Lake Superior seems probable firom 
what is known concerning them, but the data in hand are not sufficient 
to warrant positive conclusions. 

The eastern outcrop of the Cretaceous system coincides in Korth Da- 
kota with the eastern escarpments of the Ooteau des Prairies along the 
western border of the Ked River Yalley. Its western outcrop is along 
the eastern bases of the various front ranges of the Eocky Mountains 
and about the Black Hills. 

The elevation of the region in which the wells penetrate the Dakota 
sandstone in the eastern part of the Dakotas is irom 1,000 to 1,900 feet 
above the sea. The water comes to the surface under a pressure of 
Irom 15 to 187 pounds per square inch. The maximum is at &roton, 
the altitude of which is 1,300 feet above the sea. The pressure in this 
well is sufficient to raise the water 432 feet, and even if the loss of press- 
ure by friction is not considered it is evident that the source of the sup- 
ply must have an altitude of at least 1,700 feet above the sea. The 
pressure in other wells in the same series indicates a source of supply 
at an elevation of 1,950 feet. It is known from railroad surveys and 
other sources that there is no land to the south, east, or north of &roton 
at a sufficient elevation to furnish water under the pressure given, even 
if the water-bearing strata outcrop at the surface under the most favor- 
able conditions. The eastern outcrop of the Dakota sandstone in South 
Dakota and the adjacent portion of l^ebraska has a maximum elevation 
of about 1,500 feet. It seems evident, therefore, that we must look to 
the west for the fountain-head of the wells which reach the Dakota 
sandstone. The nearest outcrop of that formation at the west is about 
the Black Hills at an elevation of approximately 3,300 feet above the 
sea. It comes to the surface again still farther west, about the eastern 
base of Big Horn Mountains, at an elevation of about 4,500 feet. 

The general inclination of the Dakota sandstone and of the strata 
which rest upon it is known to be eastward from the eastern base of 
the Eocky Mountains, although a secondary structure producing anti- 
clinals probably exists. From what is known of the succession of strata 
in the eastern and western outcrop of the Cretaceous, and from the sug- 
gestion furnished by the high pressure of the water derived from the 
lower member of the series in eastern Dakota, it seems exceedingly 
probable that the Dakota sandstone forms a continuous stratum beneath 
the Great Plains. If the water obtained from this stratum is derived 
from the Bocky Mountain region as indicated by our present knowledge, 
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it follows that success migjlit be expected if wells were bored in the re- 
gion between the Ked River Valley and the eastern basin of the Rocky 
Mountains. 

The thickness of the Dakota sandstone as given by F. Y. Hayden at its 
outcrop about the Black Hills is 400 feet. At Lincoln, Nebr., as stated 
by Professor Hicks, it is 204 feet. Along its outcrops it is a porous 
sandstone sometimes passing into a conglomerate, and where it has been 
penetrated by borings in the Dakotas it is very friable and open in 
structure. Its thickness, porosity, and extent, as well as its attitude, so 
far as is known are all in favor of its being an abundant source of arte- 
sian water. 

Thickness of strata above the Dakota sandstone. — The formations which 
occur in the general region under discussion, as given by F. Y. Hayden, 
are as follows : 



liTame. 


Cliaracter of strata. 

• 


Thickness. 


Lionp Biver beds 

White Biver group 

Wind Biver deposits 

*• Fort Union,'' Laramie. . 


Pine loose sand, with some lavers of limestone 


Feet. 
9UO-400 


White and light drab clays, with some cavities of sandstone 

and local layers of limestone. 
ExDoscid orinciDallv in N^ebraska . . . . . . ...................... 


1,000 
1, 500-2. 000 


Sandstone with shale 


% 000-10, OUO 
500 

700 


Fox Hill 

Fort Pierre 


Gray ferraginous and yellow sandstone and arenaceous 

clays. 
Dark gray plastic clays above; dark beds of very fine 

unctuons clay, containing much carbonaceous matter with 

veins and seams of gypsum, etc., below. 
Lead gray calcareous marls above; light yellowish and 

whitish limestones below. 
Dark gray laminated clays, sometimes alternating near the 

upper part with layers' of liglit gray limestone. 
Yellowish, reddish, and occasionally white sandstone, with 

alternations of various colored clays and beds of lignite. 

• 


Ifio'brara 


200 


Fort Benton 


800 


Bakota 


400 







The sarface throughout the region occupied by the Dakotas has 
been greatly eroded and it is not probable that the entire series as 
given above anywhere exists. It is to be expected also that the strata 
above the Dakota sandstone may be found of variable thickness and. 
lithological character. These considerations as well as the secondary 
stracture of the Great Plains would have to be investigated in order to 
predict for any locality at what depth the water-boring strata might be 
reached. Some of the wells in eastern Dakota derive their water sap- 
ply from middle Cretaceous. The conditions to the west of where these 
wells are located seem equally favorable for obtaining flowing water 
from this horizon. It is to be expected, however, that water derived 
from these strata would be less pure than from the Dakota sandstone 
and consequently of doubtful value for irrigation. The Laramie may 
also be expected to yield artesian water. 

Beneath the Dakota along the wetitern outcrops there are shales and 
other impervious strata belonging to the Triassic system. It is to be 
expected that these coarse Triassic beds will carry water, but the gi'eat 
dcipth at which they occur underneath the Great Plains probably ren- 
ders their consideration as a source of water supply necessary ^ besideS| 
the Triassic strata are so highly charged with easily soluble salts that 
water derived from them would be too alkaline and saline for irrigation 
or domestic use* 

NEBRASKA. 

The geological formations of this State comprise the Upper Coal 
Measures, and possible Permian ; the Cretaceous, but including only 
the Dakota, Fort Benton, Niobrara, and Fort Pierre^ and the White 
Biver Tertiary of Hayden. 
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Lithologicdl composition, — The component beds of the Coal Measures 
are shales, limestones, and sandstones, in alternating bands ; the lime- 
stones of greater or less thickness form a pntminent featare of the out- 
crops along the Missouri and in the numerous railroad and water cuts 
leading to this river. 

The Cretaceous formations present the following composition : The 
Dakota, from 300 to 400 feet of a soft, loose textured, white sanilstone, 
separated by narrow beds of shale into bands of from 50 to 80 feet; its 
width of oatcrop in Nebraska is about 60 miles. The Fort Benton, a 
series of dark black or bluish gray, compact, argillaceous, shales, with 
a few narrow limestone bands ; in thickness between 300 and 800 feet, 
but probably nearer the former figure in Nebraska. The Niobrara, be- 
tween 200 and 400 feet in thickness, composed of shales and limestones, 
the latter a most prominent feature of the formation, and in Dakota, 
Nebraska, and Kansas of a decidedly chalky nature rather than that of 
a massive, hard limestone, as along the foot-hills of the Bocky Mount- 
ains. The Fort Pierre, essentially a formation of light gray, plastic, 
clay shales, of variable thickness in Nebraska, owing to its deposition 
in undulations of the Niobrara below, and to erosion from its summit 
prior to the laying down of the White Eiver Tertiary above. 

The White Eiver Tertiary is a formation of sandstones, conglomer- 
ates, and interbedded shales. It is the surface formation of western 
Nebraska and southwestern Dakota, where it rarely shows a thickness 
of over 400 or 500 feet. 

Areal distribution. — The areal lines of division between the Tertiary, 
Cretaceous, and (carboniferous ages are clearly defined. That between 
the Cretaceous and Coal Measures, which also constitute the eastern 
limit of the Dakota formation in Nebraska, crosses the Missouri Hi vera 
short distance below Dakota City, follows down the west side of the river 
a few miles inward from its bluffs to a point on the Platte about 8 miles 
above its mouth, when it inclines to the southwestward, passes through 
Cass, Otoe, Johnson, and Gage Counties, and joins the eastern bound- 
ary assigned the formation in Marshall County, Kans. The line of 
division between the Cretaceous and Tertiary crosses the northern bound- 
ary of the State in longitude 100, the southern in 99, and within these 
limits has a broad convexity to the east, crossing the Platte a little to 
the east of the ninety-eighth meridian ; with the exception of a small 
area of erosion on the upper Eepublican, in which the Pierre shales are 
exposed, the entire State west of this line is occupied superficially by 
the White Eiver Miocene. 

Non-conformities exist both above and below the Cretaceous, the Da- 
kota resting in uneven line upon the Coal Measures or Permian, the White 
Eiver upon the greatly eroded surface of the Pierre; furthermore, here 
as elsewhere there also exists abundant evidence of a prominent break 
in the continuity of deposition between the Niobrara and Fore Pierre 
formations, within the Cretaceous itself. 

Geological structure. — The geological structure of Nebraska is that of 
gently inclined strata, having a general dip to the eastward somewhat 
less than the slope of the surface, with a slight ^'basining up" of the 
formations in the eastern part of the State, the dip there being to t<he 
northwest in continuation of that of the corresponding beds in Dakota 
and Kansas. 

The following altitudes in Nebraska, which are of use in connection 
with the geological structure, are from Aughey's " Physical Geography 
and Geology of Nebraska" and Gannett's '^ Dictionary of Altitudes in 
tiie United States." 
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Looality. 



Scott's BlafiB, on State line 

Kiobrara River, southeast of Fort Bobinson . , 

Indian Creek, northwest corner of State 

Port Bobinson, 103° SO' meriUian 

Month of Snake River, one hundred and first meridian 

Month of Eeya Paha, ninety-ninth meridian 

19 lobr.ii'a, nfnety-eifEhth meridian 

Pino Bluifs, one hundred and fourth meridian 

Sidney, one hundred and third meridian 

Ogallala, one hundred and second meridian 

iLeamey, ninety-ninth meridian 

Average of five, on ninety<8eveuth meridian 




Remarks. 



> Northern line of State. 



In the southern half of 
State. 

Northern to southern bound* 
ary. 



Central City, the lowest point on the eastern line of the Tertiary, has 
an altitade of 1,708 feet. The eastern boundary of the Cretaceous will 
lie between 1,000 and 1,200 ieet, a fall of at least 3,000 feet from the 
western line of the State. 

Artesian wells. — Nebraska has apparently been but slightly explored 
with reference to the possibility of artesian wells. Becord has been 
fonnd of but tour, one at 8t. Helena, a short distance below Yankton ; 
one at Omaha ; one at Lincoln, a mineral water ; and one at Brownville, 
in Nemaha County, in the southeastern part of the State. 

That at St. Helena derives its waters from the Dakota sandstones, at 
a depth of 400 feet, and in reality belongs to the system of South Dakota. 
Q he flow is copious. 

The wells at Omaha, 750 feet, Lincoln, 985, and Brownville, 1,001 feet, 
derive their water from various strata in the Coal Measures. Of these 
the well at Omaha affords pure, fresh water. The Lincoln well yielded 
fresh water (not artesian) at a depth of 100 feet; a strong brine at 244 
feet, the base of the Dakota, and medicinal water at 544 feet. The 
last is the water used. The flow is strong. Of the Brownville well no 
record of its water can be found. 

From the above facts it is observed that the great water-bearing 
formation of the eastern part of the prairie region has been tapped at 
but one advantageous point in Nebraska, at St. Helena. Although the 
geological structure of Nebraska does not afibrd the confining beds of 
granite, quartzite, etc., to the easterm rim of the Dakota formation as 
it does in the Dakotas, nevertheless it is reasonable to presume from 
the success attending boring in the State of Kansas to the south, where 
the conditions are approximately the same as in Nebraska, tha( water 
may be obtained at numerous points over this belt; furthermore it is 
not impossible that the Tertiary beds themselves may aflbrd flows at 
advantageous points within the area covered by them. 

Tabular atatement relating to the artesian welU of Nebraska, 



Geological horizon. Location. 

1 


Depth. 

Feet 
466 
750 
885 

1,001 
1,200 


Delivery. 

Copious... 

Good 

Copious... 


Kemarkn 


BakoU 

Carboniferous 

9 


St Helena, Cedar County . . . 
Omaha, Donf!las County . . . 
Lincoln, Lancaster Connty . 

Brownville, Nemaha County 
, Beatrice, Gage County 


Pure. 
Do. 

(1) Brine from 244' (Dakota), 

cased oft. Mineral from 
.'>44' Carboniferous. 

(2) Nu other data 






(3) No flow. 
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KANSAS. 



The geological formations ineladed within the area of Kansas comprise 
the Subcarboniferous, the Coal Measures, the Upper Carboniferous and 
Permian, the Trias, the Cretaceous, including, however, only the Dakota, 
Fort Benton, and Niobrara, and a Tertiary formation, probably Mio- 
cene. 

Lithological composition. — The Subcarboniferous is recognized in the 
well-known Subcarboniferous limestone, and occurs only in the very 
southeastern corner of the State. 

The Coal Measures, Upper Carboniferous, and Permian are an alterna- 
tion of sandstones, limestones, and shales. In the Coal Measures the 
shales are often locally developed to great thickness ; the limestones are 
very persistent, and" the sandstones are rather subordinate. In the 
higher formations the sandstones become more prominent. The thick- 
ness of the Coal Measures is at least 1,000 feet, while the Permian and 
Upper Carboniferous comprise about 2,000 feet. 

The Triassic shales, limestones, and ^'EedBeds'^ (shales with narrow 
sandstone bands) , of a variable thickness up to 300 feet, succeed the 
Permian and Carboniferous rocks. It is probable that this formation is 
wanting in the northern portion of the State towards the Nebraska 
line. 

The Dakota formation, as in Nebraska, is largely composed of sand- 
stone, but with a somewhat greater development of shales ; it varies in 
thickness between 300 and 500 feet. 

The Fort Benton ranges in thickness from 50 to 260 feet — a wide va- 
riation — and in its component beds departs a little from the normal 
composition further north. According to Professor Mudge its upper 60 
feet is a bed of limestone, in layers from 1 to 3 feet thick, underlain by 
60 feet of bluish black shale abounding in concretions of a calcareous 
nature, this series underlain in turn by 140 feet more of shales, some- 
what variable in composition and with several narrow bands of lime- 
stone distributed through them. 

The Niobrara is of nearly its usual character, but is rather more 
chalky ia appearance. Its thickness in Kansas varies from 75 to 200 
feet. 

The maximum thickness of the Cretaceous in Kansas is estimated by 
Professor Mudge to be about 900 feet. The basal member, the Dakota, 
rests unconformably upon the Carboniferous below. 

The Tertiary of Kansas consists of cemented coarse-grits and sand- 
stones.- Its age is regarded by Eobert Hay as Miocene. It is every- 
where unconformable with the Cretaceous. 

Areal distribution, — The areas covered by the several formations of 
Kansas are : for the Trias, Permian, and Carboniferous the southeastern 
third of the State ; for the Cretaceous, a broad median belt lying in a 
northeast-southwest direction ; for the Tertiary, the northwestern fifth 
of the State, together with a small extension from Colorado into its 
southwestern corner. 

The line of division between the Cretaceous (Dakota) and the forma- 
tions below starts at the Nebraska line, in Marshall County, follows a 
somewhat irregular line through Washington, Clay, Dickinson, Morris, 
Marion, McPherson, Eice, Eeno, Pratt, Comanche, and Clarke Coun- 
ties, where it crosses the southern boundary of the State. Its western 
boundary, or the line between it and the Tertiary, starts in Jewell or 
Phillips Counties, and passes with irregular trend west-south westward, 
leaving the western boundary of the State a short distance north of 
the Arkansas Eiver. 



KANSAS GEOLOGY AND ITS ARTESIAN WELLS. 59 

Of the Cretaceous formations the Dakota occupies a belt along the 
eastern border of about 50 miles' width, the remainder being occupied 
by the Fort Benton and Niobrara, but largely by the latter. 

The geological structure. — Although both the Carboniferous beds and 
the eastern half of the Cretaceous exposures have a gentle dip to the 
westward, there is nevertheless a general rise of the beds to the west- 
ward, especially well brought out in the Cretaceous series itself by the 
exposure of its several members along the western border of the State. 
This rise, so far as the Cretaceous is concerned, amounts, according to 
O. St. John, to from 1,100 to 1,700 feet, the altitude of its exposures in 
Hamilton County being in the vicinity of 3,150. There is, therefore, as 
in iN'ebraska, a general eastward fall of the water-bearing beds, with a 
in slight though pronounced "basining up'' to the eastward, with the 
axis in the region of Lamed, extending northeast and southwest. 

Artesian wells, — The artesian wells of Kansas derive their waters 
from four different formations : The Miocene, Dakota, Trias, and Car- 
boniferous. Of these the Miocene wells — with two possible exceptions 
in Norton and Sheridan Counties in the northwestern part of the State 
— are at present confined to Meade County on its southern boundary ; 
the Trias wells occur, one at Eichfield in Morton County, and on^ at 
Larned in Pawnee; the Carboniferous, one at Kussell, Russell County, 
and one at Winfield, Cowley County, while the remaining or I>akota 
wells are distributed over the Cretaceous belt from near the Keofeaska 
line to that of the Indian Territory. » 

The Miocene wells of southwestern Kansas have their source in fhe 
Miocene grits and sandstones already mentioned as present in this por? 
tion of the State. These coarse, arenaceous, and pebbly beds are cov- 
ered by a soft, bluish, putty-like clay or gumbo, which forms the sub- 
soil of the region, is thoroughly impervious, and is the effective confin- 
ing stratum for the waters beneath. The gravelly beds receive their 
waters at their outcrops in the very western part of the State and in 
Colorado into which they extend. The wells number about sixty or 
seventy and vary in depth from 50 to 185 feet. A number of them 
flow from 18 to 36 gallons per minute, and a still greater number flow 
only from 1 to 6 gallons. None of them are strong wells, though the 
water of some of the lower ones will rise from 15 to 20 feet above the 
surface. Concerning the wells in Norton and Sheridan Counties noth- 
ing of detail is known. 

The wells of the Trias, at Eichfield and Larned, derive their waters 
respectively from depths of 570 and 750 feet. The llichfield well yields 
6.3 gallons per minute, but is somewhat mineralized. The Larned 
well flows over 250 gallons per minute, and rises as a fountain between 
10 andl5 feet. Its waters are astroug brine with medicinal properties. 

Of the Carboniferous wells, that at Russell is 977 feet deep, the one 
at Winfield 1,200 feet; both have good flows, but are strongly saline. 

The Cretaceous wells of Hamilton County are the only ones of which 
detailed data exist. They are numerous, range from 200 to 300 feet in 
depth, and flow from 45 to 100 gallons per minute. Some of them are 
used for irrigation purposes. The well at Great Bend is 1,400 feet deep, 
but receives its waters, which are saline, from the Dakota sandstone at 
a depth of 344 feet. It has a strong flow, which rises 30 feet above the 
surface. . 

From the geological structure of Kansas and the results of borings 
in other States it is quite possible that the Coal Measures may be found 
productive of artesian waters whenever attempts with this sp(*.cial 
object in view shall be made. 
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Tiibnlar gtalemenl relating to Ikt artttian well) of Eantat. 



No, 


Geolojrical hori. 




1 


1 

i 


1- 


Bamirb. 




"£-::;:- 


Ednanl'e well, Meade Co. 


IW 

127 
1« 


In. 


OaO.. 
30.00 

29:6 
60.6 

9 


Pore. 




-:t :::;::::::: 


Mart'avell, Meade Co.... 
BowiT'e well, Ueade Co .. 
Nocnian-aw^, MeadeCo. 
Ciii well, Meade Connty.. 


( Pore; w»t*t» rlaa 15-30 fbet 
< Bhove anrfieo. Temperk- 
( Hir6Me»deCo.well.*oF. 




-!: 






«Uutb«rwella, MeadeCo.. 






."S'..'::::::: 


{Ko data; may be Dakotai 

i depeniia on depth. 

So data, may ^ Taiti>iTi 

iite'';rS;K-w 




Hoiie. Sheridan County- 
Smith Centre. Smicli Co . 

Mi Iton vale. Cloud Connty 
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Great Bend, Barton Co'.. 

Do-Itfo (ilty. Ford County 
Santa Fe. Haaktll Councv 

Hamilloii Cuunty. 

Peek's well. Coalidge, 
Hamilton County. 

Border's •fell, near Ceol- 
Idga, Hamilton Cuunty. 

Bnrfu well near Coolidge, 

Nol^s well, "near' Cool- 
Ill ts). Hamilton Conuty. 

Bich'B well, near Coolidge, 
UamUcon County. 








Salinei well bored to t.W 
feet, but water from 3M 
feet: riaes 30 feet abaie 

Mo^taM to water. 
























^ 


:::|:::::::::;: 


29B 

aw 

275 
310 

1,000 


8 


100 

a 

GS 

GO 




„ 


....do 

...do 


above Burfacei now choked 
owing to opera-honsB fire. 

riaea 15-20 feet above aur- 
alwre anrfaoei naed for ii^ 








« 


....do 


Water ro« only to M feet bo- 












TrinMio 


KtehflelJ. Morton Cuunty 

Lamed, Pawnee County. 

Kussell, Ruaselt Connty . 
WinUeid, Cowley Connty 


BOO 

7B0 
1,200 




250 

Good. 

..do.. 


Pureandmedloinal; mineral- 
isation slight. Tempera- 
ture 66° t: Dakota ^r- 
nlsUedno flow; penetrated 
Trias »G feet i water from 


01 


.^^.-a"'!™.; 


spuuts 10-16 feet high Tom- 

aSTo^r^ay be 'Triasrio. 
Saline; riaea 6 feet above aar~ 



The geological formatiODS of Texas involved in the areas of artesian 
vtiWs include the Coal Measures, the Uretaceoas, and the Tertiary. 

Lithohgical composition. — The Coal Measures consist principally of 
liruestoue, sandstone, millstone-grit, and shale. The limestones and 
sandstones exist in about equal proportions and oonstitate the chief 
part of the formation. The sandstone is both massive and thin bedded, 
is fine grained or course, passes into grit, or conglomerate, and exhibits 
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every degree of hardness. It is interbedded with shales in successive 
strata reaching 100 teet in thickness. 

The Cretaceous of Texas differs considerably from that at the north. 
According to Sbumard it consists of an upper and lower member. The 
former consists of limestone and sandstone, in southern Texas the lime- 
stone predominating, but being largely replaced by sandstone in north- 
ern Texas, the limestone here occurriug in thin bands separating the 
heavier beds of sandstones. 

The Lower Cretaceous is composed chiefly of marly clays with some 
limestone, sandstone, and gypsum. The clays and sandstones occur in 
alternating beds of variable thickness. The Mtndstone is flne-grained 
to coarse, thinly laminated, is often calcareous, and usually quite soft. 

Both IJpper and I/ower Cretaceous vary greatly in thickness, the 
former reaching a maximum of 1,000 feet on the San Pedro Eiver, the 
latter 2,500 on the upper Bed Biver. 

The Tertiary formation to be considered in this connection occurs as 
a bed of soft, white sandstone 200 feet thick, known as the Carrizo 
sandstone. It rests unconformably on the Cretaceous, as does the Cre- 
taceous upon the Goal Measures. 

Areal distribution. — ^The Coal Measures, not less than 2,000 feet thick, 
are confined to the northern half of the State. They are overlaid by a 
narrow belt of Permian on their west, the area of the two being inclosed 
on the east, south, and west sides by the various strata of the Creta- 
ceous, chiefly those of the lower division. The western boundary of the 
Permo-Carboniferous formation passes through Baylor, Throckmorton, 
Jones, Taylor, Bunnells, Concho, and Menard Counties, the eastern 
through Montague, Palo, Piuto, and Lampasas Counties. 

The Cretaceous series as a whole is of wide extent, the portion west 
of the Carlx)niferous area reaching far beyond the western boundary of 
the State iuto New Mexico. The prevailing dip of the Cretaceou's and 
Carboniferous formations from near the eastern edge of the latter west- 
ward is to the northwest ; east of this point it is to the eastward. 

The extent of the Carrizo sandstone is at present unknown. Its 
western boundary has been traced for a distance of about 100 miles, 
from near the town of Uvalde, southward to the Bio Grande Biver. Its 
dip is to the southeastward. 

Artesian wells, — The artesian wells of Texas derive their waters from 
the sandstones of the Coal Measures, from those of the Cretaceous, and 
from the Carrizo sandstone of the Tertiary. 

Of the depth or flow of the wells within the limit of the Coal Measures 
nothing is at present known, but it is probably somewhat variable from 
the very nature of their component strata. 

^ Of the depth or flow of the greater number of the Cretaceous wells 
likewise nothing is known. In the southern part of the State, however, 
existing data enable the following statement: 

The wells of San Antonio, two in number, 225 feet and 450 feet in 
depth, probably both derive their waters from the lower portion of the 
Cretaceous, though it is possible the deeper one, to the east of the city, 
may And its supply in the Coal ^ easures. The former of the two wells 
affords an excellent drinking water and has a steady, though not strong, 
flow ; the latter has also a steady flow, stronger than that of the shal- 
lower well, and its waters, although used for ordinary drinkiug pur- 
poses, have medicinal properties that may render them of special value 
in the future. 

The Gotulla well, 1,008 feet deep, is also probably of lower Cretaceous 
origin, though it may extend a short distance into the Carboniferous ; 
Hs waftem have a striMig flow and are of superior medicinal properties 
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In the northern portion of the State, the wells of Fort Worth and 
Dallas derive their waters from the basal sandstones of the Cretaceoas, 
at a depth of 350 and 750 feet, respectively. The dip is to the eastward. 
In this section the npper confining stratum is apparently the limestones 
of the chalk formation (Niobrara f). 

The Tertiary well at Carrizo Springs penetrates the Carrizo sand- 
stone to a depth of 175 feet^ and has an excellent flow of fresh water 
foar inches in diameter. 



Tabular statement relating to the artesian wells of Texas, 



m 



ll 



No. 



1 
2 



3 

4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
20 
30 
31 
32 

33 
34 
35 
36 
37 

38 
30 
40 
41 

42 
43 
44 
45 
46 
47 
48 
40 
50 
51 
52 
53 
64 
55 
56 
57 



Geological hori- 
zon. 



Tertiary 



Lower Cretace- 
ous (probably 
Dakota). 

....do 

....do 



do 

...do 
....do 
....do 

do 

do 

do 

do 

....do 

do 

....do 

do 

do 

....do 
....do 

do 

... .do 

do 

do 

do 

do 

do 

....do 
....do 

do 

— do 

do 

do 



....do 

— do 

do 

do 

Carboniferous 



..do 
..do 
..do 
..do 

..do 

.do 

.do 

,.do 

..do 

..do 

..do 

-do 

.do 

..do 

.do 

.do 

.do 

..do 

,.do 

..do 



Looation. 



Carrizo Springs, Dimmit 

County. 
Cotullailja SaSXe County. . 



San Antonio, Bexar Co . . . 

San Antonio (near), Bexar 
County. 

Dallas), Ballaa County 

Fort Worth, Tarrant Co.. 

Weatherford, Parker Co.. 

Canadian, Hemphill Co . . . 

Tascosa, Oldham County. . 

Armstron^^rmstrong Co. 

Mobeetie, Wheeler County 

Clarendon, Don ley County 

Childress County 

Cottle County 

Floyd County 

'Margaret, Hardman Co... 

Crosby County 

Pepper's Kimch.Kent Co. 

Haskell, Haskell County . . 

Anson, Jones County . . . . 

Roby, Fisher County 

Snyder, Scurry County. .. 

Dawson County .' 

Trent, Taylor County 

Sweetwater, Nolan County 

Colorado, Mitchell County 

Big Springs, Howard Co.. 

Marienfeld, Martin Co 

Midland, Midland County. 

Glasscock County 

Coke County 

San Angelo, Tom Green 
County. 

Ceutralia, Tom Green Co. . 

Aroya, Ward County 

Toyah, Keeves Countv . . . 

Wild Horse, El Paso Co .. 

Wichita Falls, Wichita 
County. 

Archer, Archer County . . 

Henrietta, Clay County. . . 

Montague, Montague Co.. 

Throckmorton, Throck- 
morton County. 

Jacksborongh, Jack Co... 

Palo Pinto, Palo Pinto Co. 

do 

Albany, Sbackleford Co .. 

Abilene, Taylor County. - . 

Tebo, Taylor County 

Baird, Callahan County. . . 

Eastland, Eastland Co 

Eastland County. 

do 

Stephen ville, Erath Co 

Comanche, Comanche Co. . 

Coleman, (Coleman Co 

do 

Runnells, Runnells Co 

San Saba, San Saba Co 



5 



Feet. 
175 

1,008 



225 

450 

760 
850 



..H 

o 



4 






Good 
..do.. 



do 
.do 

.do 
.do 



Bemarks. 



Pure. 

Medicinal ; Jets above surface 
6 ft. ; water alkaline-saline. 
Temperature 86° Fah. 

Pure. 

Pure and medicinal; could be 
used for medicinal purposes. 

Pure. 
Do. 

No data as to water. 
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In the hasty review which has thus been made of the various drain- 
age basins of the arid region, I have pointed out that there are a num- 
ber of international questions involved in the use of the rivers for irri- 
gation. One of these questions you( have already had presented to you, 
namely, that of the Rio Grande Del None, where the rights of the peo- 
ple of the Eepublic of Mexico as well as the rights of the people of Texas 
are threatened and almost destroyed by the people of Colorado and New 
Mexico. Already claim has been made for more than $1,000,000 by the 
people of the lower country to re-imburse them for their lost values, or 
to restore to them by some means the volume of water necessary to 
carry on their long-established industries of agriculture. Ultimately 
the problem on the Colorado will be of far greater magnitude. The Colo- 
rado itself can be used in our territory, or in Mexican territory, and 
can be made to irrigate in one or the other country, or in both, many 
millions of acres. Above, it is in the United States ; below, it is in 
Mexico. Who shall divide the waters between the two nations? On 
our northern boundary line similar questions are asked. The Columbia 
and some of its tributaries, some of the tributaries of the Missouri, and 
others of the Saskatchewan running Yiorthward, cross the boundary 
line, so that their waters must be divided between the two nations. 
Altogether the problem of the utilization of the rivers for irrigation in 
the western half of the United States presents international questions, 
that must ultimately be settled, far exceeding in importance and in 
values those that relate to fisheries, or any other international subject 
aftecting the industries of the country. In some localities the questions 
press for solution now; in others they will arise in the immediate future, 
and must be solved if peace is maintained. 

The international problems sink into insignificance in comparison with 
the interstate problems. Every great river and every great tributary 
of the entire arid region and of the subhumid region, or more than 
one-half of the area of the United States, exclusive of Alaska, runs 
through two or more States and Territories. In a few cases they are 
boundary lines, in others they head in one political division and run 
through another. In all these cases the waters must be divided on 
some equitable and wise principle. In general the headwater States 
and Territories have it in their power to control the situation. They 
can take the water and laugh at the rights of the people lower down 
the rivers. The North Platte is to be divided between Wyoming and 
Nebraska; the South Platte between Colorado and Nebraska; the 
Arkansas between Colorado and Kansas ; the Canadian liiver between 
New Mexico and the Indian Territory ; the Pecos between New Mexico 
and Texas ; the Eio Grande del Norte between Colorado, New Mexico, 
Texafi, and the Republic of Mexico ; the Colorado between Wyoming, 
Utah, Colorado, Arizona, Nevada, and California. 

All the principal rivers of Nevada. head in California. The Bear 
River is to be divided between Wyoming, Idaho, and Utah ; the Snake 
is to be divided between Wyoming, Idaho^ Oregon, and Washington ; 
the Columbia is to be divided between Montana, British America, and 
Washington ; the Missouri and its tributaries are to be divided between 
Montana, North Dakota, South Dakota, and perhaps Nebraska. In 
this enumeration I have only taken up the more important streams and 
have omitted many minor ones that involve severally great interests. 
Many of these in single cases will involve values of one to five millions 
of dollars. It is safe to say that the distribution of industries between 
the States through a division of the waters to be used in irrigation in- 
.Tolves industries now established or to be developed of not less than 
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$1,000,000,000. These problemB are already pending in many places to 
the extent of many millions of dollars and they mast all be solved in 
the immediate fatare if peace is to be maintained. 

The history of interstate fends in the United States relating to tbe 
boundary lines and fishing interests in dividing waters is replete with 
lessons showing that even such small interests kindle animosities and 
create difficulties of serious importance. Shall State arm against SUite 
over disputed questions relating to the use of water! Will it not be 
an act of wisdom to settle these disputes in their incipiency before the 
passions of the people are inflamed and before rights and interests are 
established. If neglected it will result in the establishment of agri- 
cultural industries in various regions that must inevitably be destroyed. 

The development of these industries, the growth of vast interests, 
is now in progress, and the people in many districts are already piling 
up claims against the Government of the United States which will ulti- 
mately amount to vast sums; and if it shall continue for twenty years 
more *^s it has progressed for the past five years, claims against the 
Government will be pressed involving many hundreds of millions of 
dollars ; and if such claims arre rejected, hnudreds of thousands of 
people will have their industries destroyed, and will be left in abject 
poverty to abandon their homes and fields and to migrate to new re- 
gions. 

Again, if the development of the country is to go on in the present 
method without regulation and without prevision, agriculture will 
largely be driven to the mountains, abouc the sonrces of the great 
rivers which ought to be used in the valleys below. If, on the other 
hand, the right to take out the waters above is overthrown, through 
the courts and through legislation, and the right to the flow of the 
stream at the lowest points in the valley where irrigation is uecessiuy 
is establislied, the waste of water will be enormous, and not one-fifth, 
and perhaps not one-tenth, of the possible area of agriculture will be 
realized. For the ultimate prosperity of the agriculture of those lands, 
and for the avoidance of conflict, it is necessary that the waters of the 
entire arid region be divided and relegated by drainage districts to the 
best lands, in such a manner that the people of each distiict will know 
what lands can ultimately be irrigated and what waters can ultimately 
be utilized ; and it is possible by some simple measures of prevision to 
anticipate nearly all of the difficulties which I have pointed out, in so 
brief and imperfect a manner, and have them all solved in advance of 
dense settlement. I have already alluded to the improvident and ob- 
structive rights which are being established along the course of many 
streams — ^rights which must ultimately be extinguished, and some of 
which are now in process of extinguishment. A proper administration 
of this trust, this heritage of wealth and homes for the people, may be 
devised. Millions of wealth of this nature may be created which must 
necessarily be extinguished in the near future. Is it wise to permit its 
creation f 

There is still one other very important class of facts which must be 
mentioned. The reservoir and canal sites should remain in public pos- 
session, in trust for the people who will need them. The statutes 
already provide for their discovery, segregation, and reservation, but 
some provision must be made for their utilization. It is manifestly not 
the purpose to reserve them from use, but to reserve them for use, and 
to preveut them from falling into the hands of individuals or corpora- 
tions for speculative purposes. But to whom shall they be turned over 
for use, and under what conditions shall their utilization be permitted, 
is the problem yet to be solved. 
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Equally important with the reservoir and canal sites are the sites for 
diverting dams along the courses of the streams. It is often the case^ 
and perhaps generally the case, that the waters of a stream may be 
taken out at a particular place, and the entire volume controlled thereby, 
and the owner of such a site would have the command of all ibhe agricultr 
ure dependent upon that stream. All reservoir sites and canal sites 
and diverting dam sites should be the property of the agriculturists and 
not of water companies. The waters themselves should be the prop- 
erty of the farmers and not of companies. If the water for agriculture 
is to be supplied by companies organized under national statutes or 
other charters they should be organized only as common carriers of 
water. It should be established that the land which is irrigated appro- 
priates the waters, and that they are not appropriated by canals, but 
the water belongs to the farmer and not to the watei '"<?^npany. And 
I believe still further that in the interest of peace ancC prosperity the 
farmers should not only own the waters and lands but they should also 
own the irrigating works. 

Such are some of the more important institutional problems relating 
to the arid lands. The conditions of agriculture in the western half of 
the United States are unlike the conditions prevailing in the eastern 
half of the United States, and unlike the conditions of western Europe, 
from which our people came. The new conditions demand new insti- 
tutions. 

I have reviewed somewhat at length in the two examinations which 
you have given me the principal problems involved in the arid lands. 
But I have presumed, and I wish to present it modestly, to formulate 
in the shape of a lull the ideas which I wanted to present, thinking I 
could do it in a more systematic and concise manner in that way. I 
think that this bill, if adopted or enacted into a law, would inaugurate 
a system that would solve the particular problems which I have indi- 
cated. Already some of the members of the committee have heard me 
talk on this subject. But I will give you an outline of the bill: 

First, it is incumbent upon the Government of the United States to, 
and it is necessary that it should, divide the waters among the ditt'er- 
eut States and Territories, from the fact that in twenty or thirty cases 
the problems are interstate problems, and in some of these cases the 
problems have arisen and the people are now in conflict. This conflict, 
too, is bitter. In other cases they involve only different districts within 
the same State or Territory. The theory of this bill is that the waters 
ought to be divided by the General Government. 

Senator Moody. Upon what principle of constitutional power do you 
attribute the authority of Congress to make these regulations and divide 
the water 9 

Director Powell. I provide for it in my theory, not on a principle of 
law but on a principle of policy, and the last section of the bill provides* 
that certain sections of the bill shall have no force nor effect until the 
State or Territory involved accepts it. 

Senator Moody. Congress would have the right to legislate for the 
Territories in those particulars undoubtedly. But the query was, what 
authority would Congress have to legislate npon such a subject for the 
States. Of course, if you take that theory, that the State will have to 
accept, that ends the matter. 

Director Powell. I have adopted that theory to meet that point. 

I have also shown to the committee that all of the lands can not be 
imgated, and that it is necessary to select the best. 

138 A L— VOL IV 6 
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I have presented to the cominittee a brief outline of the timber lands 
of the arid ref^ion, and have shown how the timber lands are beiug de- 
vastated by fire. There is before Congress a number of bills providing 
for a forestry organization by the General Government to protect these 
forests. 

There is still' another interest in these arid lands that I may mention 
before reading the provisions of the tentative bill. 

In the area of the arid lands there are vast regions valuable only for 
pasturage. But if all the rivers, all the creeks, all the brooks and the 
springs, and all the artesian waters, and all the storm waters are util- 
ized that we hope may be utilized in that country, there will still re- 
main two classes of lands which will not be irrigated for agriculture. 
There will be large areas valuable for pasturage and valuable for the 
growth of timber. The timber lands are unfit for agricultural purposes. 
Waters, in the main, can be found there, but they are so high that agri- 
culture is not profitable. Where timber grows frosts may be expected 
any month of the year. This tentative bill includes all the interests 
of that country — the pasture land and limber land, and provides a way 
for the use of that timber land and the use of that pasturage by the 
people, and provides further that only the irrigable lands shall be dis- 
posed of by the General Government. 

If you will pardon me, I will read the bill through, first without com- 
ment, and then take up the various divisions and explain their purport 
and purposes. 

{The proposed bill was then read to the committee.) 
>irector Pov^ll. Mr. Chairman, the theory of the bill is that there 
are natural hydrographic basins or drainage areas; that the people of 
each of these districts should be organized into bodies corporate and 
X>olitic and constitute commonwealths for the regulation of irrigation, 
the division of waters, the protection of forests, and the protection of 
the pasturage lands, and for the utilization of all of these values. 

The Chairman. How would you manage where there are vested 
rights and you want to get grants to give the districts power to in- 
stitute proceedings for condemnation ; where you want water rights; 
where you want to take out a ditch to cover land, and where you would 
have a confiict of water rights f 

Director Powell. I have concluded that that would be a matter for 
State regulation and not for the United States, and the bill provides 
that the States must enact the necessary laws. With the knowledge 
already at hand it is possible to outline most of the natural basins 
which are described as irrigation districts in this tentative bill. I 
place before you a map of the arid region outlining such natural dis- 
tricts. It also exhibits the county lines and the State lines, and shows 
how such districts would be relegated to counties and to States. Most 
of the districts embrace portions of two or more counties. The county 
hues, like the State lines, are artificial. In the main they follow par- 
allels and meridians, as do the State lines, and hence usually do not 
coincide with the natural district lines. A number of districts embrace 
lands in two or more States or Territories. 

The Chairman. How do you manage to give a district jurisdiction 
when it is partly in two States i 

Director Powell. 1 propose that the people of a district embraced 
in two States organize under United States laws and under State laws 
which are specified in the bill after the States and Territories have 
provided for such action, and by the consent and authority of the lu- 
terested States and Territories. 
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Section 1 of the bill provides for the survey and designation of the 
irrigation districts, and three closes of districts are provided. They 
may be called head- water districts, river-trank districts, and lost-river 
districts. 

Section 2 provides that the irrigation survey shall select the irrigable 
lauds, and to be governed in the process by the following rules: First, 
the conditions necessary to secure the greatest area of irrigable land ; 
second, the conditions necessary to secure the most valuable lands for 
agricultural purposes by reason of climate; third, the conditions neces- 
sary to secure the most valuable agricultural lands as determined by 
soil and subsoil ; fourth, the conditions necessary to secure lands that 
can be irrigated and cultivated with the greatest economy. 

Section 3 provides that all lands heretofore irrigated in the arid 
region or for which irrigating works have been constructed, and all 
lands selected for irrigation by the Survey, shall be considered as irri- 
gable lands. 

Section 4 provides that the United States Survey shall designate the 
trunk sections of rivers and large creeks, and determine and locate the 
places on such trunk sections where dams may be constructed, and the 
routes to be followed in the construction of canals from such trunk sec- 
tions, and that all shall be done in such a manner as to protect the water 
rights of the several districts and to prevent the construotion of im- 
provident and obstructive works of irrigation, and that it shall be un- 
lawful to construct improvident and obstructive works. 

Section 5 divides the waters among the irrigation districts, so that 
the people of each district will know definitely what waters they are 
entiUed to. 

Section 6 provides that whenever a source of water supply and the 
necessary irrigation works in any district lie within the boundaries of 
another State or Territory than that where the lands irrigated are sit- 
uate, the people of the district shall have the right to construct and 
maintain their works in the State where they are situate, and that it 
shall be unlawful to levy any tax on or establish any obstruction to the 
nse of such waters, sites, or works by the State or Territory in which 
they are situate. 

Section 7 provides that the irrigable lands may be homesteaded in 
tracts of 80 acres. It re-affirms the laws relating to mining lands, coal 
lands, and town-site lands, and provides that all other lands shall re- 
main in the possession of the General Government, to be used by them 
as catchment areas for the waters of irrigation, for the forests which 
they grow, and for the pasturage which they furnish, and that the sites 
of reservoirs and other irrigating works shall remain the property of 
the General Government, to be used by the people in their corporate 
capacity. 

Section 8 affirms the right of every man who owns an acre of land to 
his portion of the waters set apart for the irrigable lands of his district. 

Section 9 makes it unlawful for any person or corporation to con- 
Btmct irrigating works except in conformity with the statutes of the 
State or Territory and of the United States. 

Section 10 provides a general form of organization for irrigation dis- 
tricts. 

Section 11 relegates to the commissioners of each district the authority 
and duty to provide laws and rules for the use of the waters of the dis- 
trict in Irrigation and for other purposes, for the protection and use of 
the timber and fire- wood of the district, and for the protection and use 
of the pasturage of the district. 
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Section 12 provides that such irrigation districts shall be organized 
under State or Territorial laws, and further provides foar methods by 
which irrigation works may be constructed: First, by co-operative labor ; 
second, by taxes levied on the lands irrigated ; third, by the issaance 
of irrigation-district bonds ; and fourth, by contract with companies. 
But when constructed by the last method, the irrigating works shall 
after a term of years become the property of the district. It also pro- 
vides that the State or Territory may enact general laws for the pro- 
tection and use of forests, and for the protection and use of pasturage. 

Section 13 provides for State supervision of irrigation^ 

Section 14 provides that cities and towns may be excluded from the 
irrigation districts, and that the waters used for domestic purposes 
may be designated by State statutes. 

Section 15, which is the last, provides for the general consent of the 
States and Territories involved. 

It will thus be seen that the proposition is to organize irrigation dis- 
tricts with natural boundaries, and to relegate to each district the great 
body of the problems which are involved in this new industry of agri- 
culture ; and it divides the waters between the districts in a simple and 
eifective manner. It also proposes that the irrigable lands shall be 
selected in the interest of all the people, that the greatest amount of 
agriculture may be carried on ; and it provides for the protection and 
use of the forest and pasturage lands by the people who are interested 
therein. The vast increase in the value of lands by irrigation makes 
them an object of speculation. We are starting in a speculation in the 
West which I believe if unregulated by law, as it now is, with rights 
to waters undetermined, as they now are,^will result in disaster to the 
farmers and the investors alike ; and it will further result in this : that 
the water and the lands will go into the hands of a few pers(Jns, namely, 
the promoters of irrigating schemes. Be that as it may, the problem of 
fixing water rights somewhere, so that the farmer and the investor alike 
may be secure, remains, and is one of the serious problems that must 
be met ; and I propose in the plan which I have presented that the 
Government of the United States interfere in the matter to the least 
possible extent ; that it divide the waters — not to the farmers — ^but be- 
tween districts and States, and then, under guarded provisions, tarn 
over the whole subject to the States and districts and allow them to 
work out the matter to their satisfaction. 

The committee here adjourned, to meet on Friday morning, the 24th 
inst., at 10 o'clock. 



THIRD DAY'S SESSION. 

Washington, D. 0., January 24, 1890. 

The committee met. 

Present: Mr. Stewart, chairman ; Mr. Plumb, Mr. Casey, Mr. Moody. 
Mr. Keagan, and Mr. Jones, of Arkansas. 

STATEMENT OF DIBECTOE POWELL— Gontinned. 

Mr. chairman and gentlemen of the committee, the work of the 
Irrigation Survey is naturally divided into three parts and organized 
into three branches, for there are three classes of work which are best 
accomplished by three classes of specialists. These are designated as 
topographic, hydrographic, and engineering branches. Topography is 
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the basis of the work, and on it the hydrography and engineering de- 
pend. This will plainly appear when 1 come to describe those branches. 

Topographic work is map-making. On the passage of the act of 
October 2, 1888, parties were immediately pnt in the field and work has 
been continned np to the present time, chiefly in the field,, bnt to some 
slight extent in the office. The maps have not all been constructed, bnt 
are in part in manuscript. !N"one of them have yet been engraved. 
The sheets of the map, or the several maps in detail, are constructed 
with grade curves, or contours, having a vertical interval of 25 feet in 
the valley and over the more level grounds. 

Every 26 feet of elevation above the level of the sea is determined 
over the entire surface, and the lines on the map represent every 25 feet 
of change, so in passing from upper to lower heights you have a 
descent of 25 feet from curve to curve or line to line, as shown on the 
map. In the foot-hills the lines are 50 feet apart in altitude, and in the 
mountains they are 100 feet, and yet in any steep regions they are 200 
feet apart; so they vary from 25 feet to 50 feet, 100 feet and 200 feet, 
depending on the nature of the declivities. Such contour maps are 
very easily understood and express the chief or important facts of 
natural topography in the simplest manner. It is thus that valley, hill, 
and monntain, with all necessary detail of relief, are expressed to the 
eyes in definite quantity. The map shows that the summit of the slope 
is distant from the foot of the slope say a quarter of a mile, and that 
the summit is 25 feet above the foot. In this manner the altitude above 
the level of the sea of every portion of the country is represented, and 
the whole form is presented at a glance. With a little experience a map 
of this character is read as easily as a page of print — more so ; it is in 
fact interpreted as a picture. Such are the maps we are making, and 
I wish to show where they have been made under the two appropria- 
tions for the Irrigation Survey. 

With the appropriations that have been made it has not been possi- 
ble to prosecute work in each of the States and Territories of the region 
and we were compelled to make a selection of districts. In doing so it 
was thought best to inaugurate work in the most densely peopled regions 
and where the scarcity of water was most keenly felt. For this reason 
the Arkansas Valley in Colorado, portions of the Rio Grande in New 
Mexico, the Truckee and Carson in California and l^evada, the Snake 
or Shoshone River in Idaho, and other important districts were chosen. 
I place before you a map of the arid region upon which are colored the 
districts which have been surveyed up to the present time, and will go 
on to describe them in detail, commencing on the Arkansas River in the 
State of Colorado. All of this district as shown on the map, extending 
from the headwaters of the river in the high mountains of central Colo- 
rado nearly down to the Kansas line, and embracing the entire drain- 
age, has been surveyed. We have had two seasons of work in this 
yalley. The first season commenced in October, when there were only 
a few weeks of good weather left. Still we pushed the work through 
the winter. In the main the parties beginning in October, 1888, did 
not return to the office until this fall. It chanced to be a warm and 
dry winter in the cjountry and we pushed the work through the cold 
season. The area surveyed in Colorado in 1888 was 13,000 square miles 5 
the area sui^veyed the present summer was 9,900 square miles ; making 
altogether 22,900 square miles. The area surveyed in Colorado on the 
Arkansas embraced all the drainage of the Arkansas nearly (but not 
quite) to the Colorado-Kansas line. You will see by the map to which 
1 now point that there is but a small part yet remaining. 
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Other parties were put in the field in Kew Mexico, in the re^on aboat 
Santa ¥6 and Albuquerque on the Bio Grand e, and in the regioa near 
El Paso on the Bio Grande. 

In IN'ew Mexico we have mapped 6,370 square miles ; in California 
we did 6,680 square miles; in Idaho we did no work during the last 
year ; this summer we have, however, done in Idaho 1,900 square miles, 
made a topographical survey of that; and in Montana we did 5,200 
square miles. So that under the act creating tbe Irrigation Survey 
and the appropriations made therefor we have already made topo- 
graphical maps over an area of 43,050 square miles. 

I have another map hanging before you which will set forth certain 
other facts bearing on this subject. 

The survey under the present organization and surveys previously 
prosecuted under the control of the present Director of the Survey 
have been made with a view that they might ultimately be used for this 
purpose. So that we now have a topographic survey ready for the use 
of the Irrigation Survey of an area of 250,000 square miles, and all of 
that work is finished, in the field and in the office. To this mast be 
added the 43,530 square miles accomplished by the Irrigation Survey. 
The maps are in part in the engraver's hands, under contract by the 
Public Printer, for their engraving. About two-thirds of them are 
already engraved, and we have proof-sheets. 

Senator Beagaj^. What surveys are those? 

Director Powell. The surveys previously made under my charge. 
All the areas in blue are surveyed in this manner, covering altogether 
250,000 square miles. 

The Ohaibman. Do you reckon in that the King and Wheeler sur- 
veys! 

Director Powell. I am going to speak of those because they are 
also shown on this map. The Hayden surveys are marked in light 
blue. Those maps were not constructed to be used for this specific pur- 
pose, but the work of the Hayden surveys was done in such a manner 
that some additional cost is necessary to prepare them for use for this 
purpose. There are about 120,000 square miles to be completed in this 
manner. Again, the King survey is colored yellow. The King survey 
is not so well adapted to this work, and more has to be done on the 
area surveyed by King, that his maps may be utilized for this purpose; 
but probably the work can be done at one-half the cost of carrying^ on 
original work. The Wheeler survey, which is colored brown, as you 
see, and is scattered over the country, was done in the main on a scale 
of 4 miles to the inch, and for our purposes we need a scale of 4 and 2 
miles to the inch. Then it was not constructed in contours, and hence 
is unavailable for the irrigation survey. The Wheeler survey serves 
as a general reconnaissance for planning topographic work, but not for 
irrigation work. So then altogether, besides what has been done under 
the appropriation for arid lands, we have 250,000 square miles of map 
ready for use; 140,000 square miles partly ready for use; 80,000 square 
miles on which much work is yet to be done, and about 100,000 square 
miles of reconnaissance work. 

Senator Plumb. In that connection let me ask you what if anything 
in the shape of monuments have been put on the ground which would 
indicate the altitude or meandering of the lines ¥ 

Director Powell. In the work over which I have had control my- 
self all the triangulations of the work in blue are marked in such man- 
ner that they can be re-discovered, are marked and described in the 
report. 
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Senator Plumb. With the aid of these maps a local surveyor could 
identify them without resurveying them, I suppose f 

Director Powell, Yes. 

Senator Plttmb. These maps would be, I suppose, what are called 
topographic maps, that is, they would indicate the slope and elevation, 
the contour, etc.! 

Director Powell. We divide the work into three classes, each of 
which is dealt with; the hydrography, which describes the courses of 
all streams, with all their meauderings: second, the hypsography, as 
it is called, the elevations of all the hills and mountains; third, the 
culture. The lines of all high roads, of all railroads, canals, town sites, 
cities, etc., the boundary lines of States and Territories, counties, etc., 
those things which man has put on the country and are represented on 
the map, we call " culture.'' These maps represent the hydrography, 
the hypsography, and. the culture, or that which man has put on the 
ground. 

Senator Plumb. Then with the use of those maps the local author- 
ities, or anyone interested in the development of the country, would 
be able to understand the lay of the land just as though he himself had 
made the map? 

Director Powell. Precisely ; the object is to construct maps in such 
manner that any man may go upon the ground, take the map in his 
own hand, and select the sites for reservoirs, and select the routes for 
canals with the map before him. On selecting the routes for canals, a 
subsequent survey would be needed for the purpose of determining the 
constructive elements —the fills, the grades, the cuts, etc., that would be 
necessary for a canal, but the general route of a canal can be planned 
on the map without going on the ground. That is true not only for 
every canal, but for every road and for every railroad. So that wher- 
ever, in the United States, the surveys have been carried on as shown 
on the map, no railroad company has to make a preliminary reconnais- 
sance or trial-line survey. From our maps all such enterprises may se- 
lect their routes before they go onto the field, and they systematically 
do that, and have been doing it for several years, and as far as our sur- 
veys have progressed. 

There is one thing of importance that I wish especially to call atten- 
tion to in relation to the topographic maps. That is, that in general 
the reservoir sites in any region of country are in excess of the wants. 
There are usually more reservoir sites than will be needed. The topo- 
graphic survey reveals all practical reservoir sites, and hence reveals 
more than will be needed. There comes then to be a necessity for a se- 
lection of the best sites. And the topographic maps furnished then prac- 
tically the chief data necessary for this purpose, as well as for other 
purposes which I have mentioned. 

I am passing very rapidly, Mr. Chairman, and briefly over these 
points, because there is so much of the matter. If the members of the 
committee wish to ask any questions as I go along I shall be glad to 
reply. 

In planning a system of irrigation work we are at once confronted 
with the question. What is the amount of water to be controlled and 
used t The lands are abundant, the water is scarce. The entire arid 
lands are naturally divided into irrigation districts, each one composed 
of a catchment area and a farming area, for in farming regions, where 
apiculture is carried on by irrigation, the lands which catch the rain 
and supply the water are not those which are cultivated. To select from 
a large tract a smaller one to be irrigated, it must first be determined 
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how mncli water the catchment area will furnish for the jinrposo, for 
on this will depend the quantity of lands to be reclaimed. The aiuouut 
of water also determines the character of the irrigation works. More 
water requires larger dams, canals, and reservoirs; loss wator ii^ods 
smaller works. The water running in the channels in each of these 
catchment districts — and there are many thousands altogether — i^^i v;^ri- 
able from year to year, from month to month, and even from hour to 
hour at flood time, and it becomes necessary to determine the /iiean 
annual volume, the minimum annual volume, the maximum annual vol- 
ume, and the maximum volume of the floods. The mean annual flow 
gives the limit of general agriculture from year to year; the minimum 
annual flow limits the agriculture in seasons of drought ; the maximum 
annual flow controls the plan of the works, for they must be constructed 
in such a manner that they will not be destroyed when it comes; the 
maximum flood volume also must be known, for this ultimately brings 
the greatest strain upon the works, and they must be constructed to 
withstand it. 

In the plan of the survey the volume of water running in the streams 
of the catchment districts, and which is furnished to the farming dis- 
tricts, is determined by making a topographic map as a basis for a hy- 
drographic survey. 

The first process is stream gauging. The measurement of the streams 
is accompHsheil by a twofold process. First, a river-gauge is estab- 
lished, with a float, by which the height of the river is recorded auto- 
matically during the year. That is to say, a niloraeter, as it is called, 
is established in such manner that the rise and fall of the stream lifts 
or lowers a float, and in lifting or lowering this float it records the rise 
or fall upon a paper by a little machinery attached to it ; so that we have 
the record from day to day and month to month and year to year auto- 
matically recorded of the height of the stream. Then, the cross-section 
of the stream where the nilometer or river-gauge is used is determined 
for different heights of water. A continuous section from low water to 
high water is made, so that if we know how high the water is at any 
moment of the year we know the cross-section at that time. 

Senator Jones. Does the nilometer show the length of time at which 
the river stands at any particular stagei f 

Director Powell. Yes. It has clock-work, by which the whole his- 
tory of the rise and fall is preserved. 

Senator Jones. Does it show the velocity also f 

Director Powell. No, sir; I am coming to that. The next is the 
velocity of the water passing the cross-section. That varies in the dif- 
ferent portions of the stream. It varies from side to center and from 
top to bottom, and it varies with every rise and fall of the river. It 
becomes necessary therefore to have another class of instruments, known 
as current-meters. By finding the mean velocity of the passing water 
and the cross-section of the stream we determine the volume of water 
passing for a given stage. Then we must find it for each stage 
marked upon the river-gauge or nilometer. This gives us the flow of 
the river. It is all plotted. If you remember, a plat of that kind was 
presented to you in Arizona. 

With this river-gauging, then, we steadily gather the data to show how 
much water the river will carry — not at one time, but at all times, vary- 
ing from day to day through the year. 

It is in this manner that we gauge the rivers and creeks. The num- 
ber of places where such '^ gaugings ^ must be made is very great. Wn 
have estimated that about 20,000 would be needed. To ms^ke that nam- 
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ber of gaagings, each one for a series of years, so as to obtain the mean, 
maximum, and minimum annual flow and the maximum flood volume, 
-would take a long series of years and would be enormously expensive. 
But a cheaper, shorter, and it is believed a more accurate method lias 
been devised. This method involves the construction of a topographic 
map and the gauging of a few typical streams. 

It is thus that attention is first called to the catchment area, and of 
this we must have a topographic map, which will show its superficial 
area, its declivities, and its altitude above the level of the sea. Other 
things being equal, the greater the area the greater the amount of 
rain caught. Other things being equal, the greater the declivities the 
greater the amount of water furnished to the streams, for flat lands 
with accumulated soils and sands hold the water back and by evapora- 
tion return it to the heavens. Lands with great declivities have less 
soil and sand, and their slopes gather more water into the natural chan- 
nels. In the arid region of the United States there are altogether vast 
tracts, perhaps in all one-fourth of the entire area, where no considera- 
ble water runs off. There are other regions, altogether very extensive, 
where the slopes are so steep and rocky that the greater part of every 
storm runs down ; and between these extremes all gradations are found. 
The water supply, therefore, is dependent upon declivity. The altitude 
of the catchment area is also an important factor, for within limits, other , 
things being equal, the greater the altitude the greater the rainfall. To 
obtain altitudes, declivities, and areas, a topographic survey is neces- 
sary, and the topographic survey having been made, the chen])est and 
best method of assembling the facts, so that they can be understood, 
is to construct a contour map. The entire area of the arid country — 
including the low deserts where no waters flow away — is composed of 
catchment areas. Each tract or district is a catchment area — not for 
itself, but for some other district, which in turn is a catchment area 
for still another. It is thus that a map must be made for all parts of 
the country but the flat deserts, and they are included in the others, 
and in some cases constitute the irrigable lauds to be farmed, for while 
they are desert without water, they are the best farming lands when 
irrigated. Hence, practically, the entire country must be mapped, and 
the flat lands are mapped without expense worthy of mention. 

Now, to> make this map serve for hydrographic purposes something 
more is needed. A few streams must be gauged. Suppose we have 
found a drainage area of 10,000 square miles with maximum declivities, 
so that most of the water is gathered into channels and passes from the 
catchment area to irrigable lands below. Here, where the water is all 
brought together in one stream, we gauge it and find how much water 
an area of that size having determined declivities will afford. Now, 
wherever we have another catchment area with similar declivities if the 
rainfall is the same we have to make but the topographic map to deter- 
mine the water which it will supply. It is in this manner that the prep- 
aration of a topographic map is a part of a hydrographic survey. A 
few Htreams are gauged, the general rainfall is determined, and the 
catchmf ut areas are measured topographically so as to obtain horizontal 
and vertical dimensions. 

The next part of the hydrographic work is to determine the amount 
of evaporation. When water is stored in reservoirs an amount, known 
in a general way but not known in a very close way, is lost by being 
returned to the air. In order to know how much water can be saved it 
is necessary to know how much will be lost in this manner^ and at these 
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ganging stations we establish evaporating stations for the purpose of 
determiui ug the amount of evaporation from day to day through the 
year. The machinery for this need not be described; it is very 
simple. 

The next element in the bydrographic survey is the determination of 
the quantity of sediment carried in the water. All streams carry with 
them the drift of the slopes and hill-sides of the catchment area. Some 
streams carry much, others little. Some streams carry much at one 
part of their course and less at another part. 

The life of a reservoir is an important factor to be determined, and 
this must be determined by discovering how. long it will take under the 
conditions to fill that reservoir with sediment. In order that this may 
be provided against it must be determined how much material must be 
removed from the reservoir annually in order to make its life contin- 
uous. The streams therefore have to be gauged for sediment, and an 
apparatus is provided for the purpose. Connected with these stations 
we have rain fall gauges wherever we have established work of this 
character. The reading of the rain-fall gauges takes practically but 
very little time, and we can do it without expense. But in the main 
we are assisted in this work by local enterprise. In most of the States 
and Territories the people have organized weather bureaus, or some 
system for determining temperature, rain-fall, winds, etc. We have it 
so arranged that all this material is aggregated in our office. In most 
of the States and Territories ultimately people will work uniformly 
on our system. They are asking us already to take general control of 
their plans and are gathering the facts necessary for our work, so that 
we do not have to perform that work ourselves to anj'^ great extent 
In addition, we avail ourselves of the material collected by the Signal 
Service, 

Besides the organizations to which I have referred, there are indi- 
viduals who of their own will have organized such observation systems 
for themselves ; and especially I may mention, in this connection, rail- 
road companies. So that there is pouring in upon us from all parts 
of the arid lands a vast amount of information in relation to rain-faU, 
to temperature, and to the course of the winds. 

I shall not weary the committee with a detailed statement of the by- 
drographic stations we have established; but I have the results of the 
work up to the present time in tabulated form in this paper, and with 
your permission I will simply hand it to the reporter that it may be 
incorporated with my remarks. 



Summary of hydrographie results. 

The daily average flow in cubic feet per secoDd has been obtained for the following 
rivers : 

COLORADO. 



Kiver. 


Station at~ 


Besalts. 


Arkansas. ......... 


CafionCity 


Apr. 17, 1889, to end of year. 
May 1 to Sept. 1,1889. 
May 20 to Sept. 1, 1889. 
May 26 to Sept. 1, 1889. 
Mav 22 to Oct. 1. 1889. 


Do 


Seven miles above Paeblo 

La Junta 


Do 


Do 


Lamar 

Las Animas 


Pareatoire. 


Wn ArfanO .......... 


Hermonilla .................. .,^r 


Jane 30 to Sept 1,1889. 
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Summary of hydrographio results — Continued. 

NEW MEXICO. 



Kiver. 

• 


Station at— 


Remarks. 


Rio Grande 


Del Norte 


July 1 to end of year. (Discharges at intervals, 

also measureiueiits of tanalH.) 
Dec. 20, 1888, to Nov. 30, 1889, (DaUy dis- 
charge complete.) 
One jianging only. 

May 10, 1889, to end of year (complete). 
Mar. 20 to Nov. 5, 1889. (Discharge partially 
computed.) 


Do 


Embado 


Do 


San Marcial 


Do 


El Paso, Tex 


JoniM ....^..^^.^r - 


Jemes Pueblo............ -. 







ARIZONA. 



Verde 

Salt... 
Gila.. 



Above junction of Salt River . . . 
Above jiuiction of Verde River. 
Fifteen miles above Florence. . 



Discharge from Aug. 15 to Sept. 30. 
Discharge from A.ug. 1 to flood at end of Nov. 
Discharge from Aug. 30 to end of year. 



NEVADA. 



Trackee 

Carson 

Purser Greek, 
Squaw Creek, 
Little Truckee, 
and all import- 
ant tributaries. 




Discharge from May 20 to Sept. 30. 
Few gau firings. 
Gauged in lugh water. 



IDAHO. 



Wood. 

Snake. 

Do 



Hailey 

Eagle Rook 

Above Fall River 



Discharge from June 23 to end of year. 
July 1 to end of year. 
One gauging. 



UTAH. 



Bear 

Do 

Ogden 

Weber 

American Fork 

Provo 

Spanish Fork.. 
Sevier 

Do 



Battle Creek... 
GoUinston ..... 
Ogtlen Cafion . . 

Weber , 

American Fork 

Provo , 

In oafion 

Joseph City ... 
Leamington .... 



Discharge Oct. 15 to end of year. 
Discharge July 22 to end of year. 
Discharge Aug. 20 to end of year. 
Discharge Oct. 15 to end of year. 
Discharge Aug. 1 to end of year. 
Discharge July 15 to end of year. 
Discharge Aug. 1 to end of year. 
Discharge Aug. 20 to end of year. 
Discharge Aug. 20 to end of year. 



MONTANA. 



Yellowstone .. 

Do 

Sim 

Weat Gallatiii 
Mlnoori 



Horr, Mont.... 

Springdale 

Near Augusta . . 
Bozeman, Mont 
Cafion Ferry. . . 



Aug. 12 to Nov. 30, 
Special gangings. 
Aug. 5 to Nov. 30. 
Aug. 16 to Oct. 30. 
Sept. to Nov. 30. 



1889. 



AlaoYarioas canals, small tributaries have been gauged to furnisb special data for 
nse of division engineers. 

Bain-fall measurements. 



Locality. 



Arisona 

Colorado.... 
New Mexi«o 




Measurements. 



June to Dec. 1889. 
Junn to Dec, 1889. 
March to Dec, 1889. 
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Evaporation ettimatei. 
[Uoatbl; evaponlioD [nindiM.] 
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lets. 
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Jan. 
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1 Sued OD 14 days' cl)!!,?' 
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Tbe amonntof ailt carried by the Rio Granile at Embndo, N. Mex., was meMitired 
from Junusry 15 to April 15, aud b; tbe Rio Gmnde, at ElPaao, boat Jane 10 Co the 
end of the ;ear (when the river was flowing). 
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The third part or branch of the survey relates to the locating or 
;ilauuing of irrigatiou vorks — the eugiceeriDg brauch as we call it. 
So tbat we have three branches — the toi>ographie, the hydrographic, 
n.iid the eitgiaeering — nnder different managements, in general, in the 
field, needing men specially trained in each to accomplish the work 
properly. 

The basis of the work of the' engineering branch is the topographic 
survey and the hydrographic survey. The outcome of the work, the 
jiiirpose for which it is all done, is not reatiiiod until the work of the 
engineering branch is finished. The organic statute of the survey pro- 
vides that we shall select diverting dam sites, canal sites, and reservoir 
sites, and withdraw the same from market that they may remain in the 
possession of the General Government. It also provides that, the lands 
to be irrigated shall be segtegated tbat they may be obtained only 
under the provisions of the homestead act. All of these sites and lands 
have to be discovered. In their discovery, the entire country has to be 
overlooked or surveyed, and this is the work of topography. Usually 
there are many more reservoir sites than are needed and the best should 
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be selected; for this purpose all must be discovered; water should be 
stored in the mountains whenever it is possible, as there is less loss by 
evaporation there. All the mountain reservoir sites must, therefore, 
be discovered; but a part of the water falls upon tbe foot-hills and val- 
leys, and that also must be stored. So there must be reservoirs beloWf 
and this lower region must be examined. Wherever it is possible we 
must store the water away, from the streams so that the reservoirs may 
not be destroyed by floods. But this is not always possible, so the 
whole ground must be studied for reservoir sites, then the stream chan- 
nels themselves must be studied for dam sites. 

Then there are canal sites from the diverting dams to the reservoirs 
and from the reservoirs to the lands to be irrigated, and these canal 
lines must be discovered. In any basin many possible lines may be 
found; the best should be selected, to make this selection all must be 
known. When there is more land than can be served by the water, the 
best should be selected; to do this all must be known, l^ow the topo- 
graphic survey discovers all possible reservoir sites, all possible dam 
sites, all possible canal sites, and all possible irrigable lands, then con- 
structs a map with all th^se facts shown upon it. The engineering 
survey now steps in to complete the work and the selections are made 
by an examination of the map, which is a miniature counterpart of the 
country with quantitative elements represented by contour lines. It 
will sometimes happen that two lines or two reservoir sites have ad- 
vantages so nearly balanced as shown by the topographic map that a 
choice can be made only by a more reiined examination. But in gen- 
eral the special sites will be discovered on the map. Now, these special 
sites must all be examined in a detailed manner in order that the works 
may be planned, and such reflued surveys are expensive and it is neces- 
sary to reduce them to a minimum, which the preliminary topographic 
survey accomplishes — the topographic survey is a preliminary or recon- 
naissance survey to discover what the reflued and costly work of the 
engineering survey must do, and is a great saving of expense. 

While I can not go over all the ground which we have covered in this 
work, I have brought a few examples to illustrate what is done, and 
have brought this map with me to show what the survey will be when 
it is finished. I would like to have you consider flrst the Arkansas 
Valley. (See map.) 

All the works on the Arkansas are not yet planned, but something 
has been done, and one illustration may be presented. On the Ar- 
kansas we have discovered a number of reservoir sites. This is the 
first reservoir which we planned on the Arkansas, and it is incomplete. 
Here we have a map with grade curves of the Twin Lakes, high up on 
the Arkansas Biver. These are 5 feet grade curves, showing the outlines 
and the outlet to the lakes. Here [indicatmg] is the outlet, and a sec- 
tion across here shows where the dam is to be constructed. In Ar- 
kansas twelve reservoirs like these have been surveyed in detail, maps 
drawn of them, and data secured for all estimates of capacity and cost, 
but the data has only been collected, and it has not yet been assembled, 
so that I can not report it. The Twin Lakes which 3^ou see here have 
a capacity of 100,000 acre feet. That is a capacity, under proper con- 
ditions, to store water for the irrigation of 100,000 acres. The cost of 
the reservoir will be about $60,000, and the cost of the canal, to bring 
the drainage of another stream into this, so that all may be stored into 
one after awhile, will be about $75,000. The total cost therefore will 
be about $140,000 for the whole system of works, to store 100,000 acre-^ 
feet pf water, or about $1.40 cents per acre-foot. 
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Senator Kbaqan. By acre-feet, do you mean a foot deep on an acre 
of ground? 

Director Powell. Yes, sir; an acre-foot of water is an acre of -water 
1 foot deep. When irrigation, under average conditions, is practiced 
with ecoDomy, it is believed tliat an acre-footof water wilt supply an 
a«re of land for one year, and we adopt that as being convenient for 
many pnrposes. 

The Chaibman. That will vary somewhat, of conrset 

Director Powell. It will vary very greatly. I am givingonly a gen- 
eral and mean figure. 

On the Arkansas now fifty reservoir sites have already been discov- 
ered. Of these, twelve of the most promising have been studied with 
much care ^nd the data collected, as I have said, for their plans. 
The data collected show thnt we can store, on the sites for the reservoirs 
already selected, water enough to irrigate three times the amount of 
laud DOW cultivated, so that the whole area cultivated on the Arkausas 
will be three times as much as that now cultivated. 

Senator Casby. And that total would be what, do you remember 1 

Director Powell. I have the figures at my office, but I have not 
them with me. 

The Bio Grande is the next that I shall present to you. The other 
work, as I told you, is unfinished and it would be difScnlt to present 
the real work without the figures and palters. 

I now show you a plan of the work for the storage of water on the 
Hio Grande, immediately above El Paso, The Bio Grande flows from 
the left to the right of the map. The dam is to be constructed at this 
point [indicating a point on the right of the map] and a topographic 
survey has been made, not only of the sites of the reservoirs, but also 
of the larger part of the region above El Paso, for the purpose of de- 
termining the region of country upon which this reservoir must in dry 
seasons depend for its water. The maps are not constrncted in the 
office, but the data is at hand and draughtsmen are at work on them at 
the present time. With a 60-foot dam this reservoir will store 537,000 
acre-feet, and we expect to find water sufflcientf or that purpose, but of 
this we are not yet sure, as the survey of the entire area is not yet fluished. 
The estimated cost of this reservoir is $1,100,000. 

The Ohairman. That is, the reservoir, without tbe coudemnatiou of 
laud t 

Director Powell. No, sir ; with a detailed project. 

The Chairman. Covering all! 

Director Powell. Covering all. There are, ruuning along the course 
of the Bio Grande, two railroads, and 1 have had the engineers of the 
survey run lines outside of the reservoir sites (for the railroads run 
into the reservoir sites) and to compute the cost of the construction of 
such roads, and have assumed that the reservoir would cost not only 
the amount necessary for the construction of the dam, but for the 
eonstriictiiin of lines of roads which would take the railroads out of tbe 
reservoir sites. 

The Chairman. Does that embrace the land to be condemnedT 

Director Powell. That embraces the laud to be condemned. 

Senator Jones, Where on this map is the dam to be constructed! 

Director Powell. Along here, at this point [indicating]. 

A final report of the irrigation district to be served by this water, 
willembrace, first, a map of the district where tbe water is to be canght, 
extending over the district where the water is to be used — the irrigable 
land, as you see j second, a map of the region on a large scale. Then 
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plans for dams, canals, and all the engineering work necessary to go 
with it. 

The Chairman. That will only include the portion on our side of the 
United States f 

Director Powell. On our side. 

The Chairman. The other side will be about the same but a little 
larger, probably. 

Director Powell. In California we have discovered a good many 
reservoir sites. The best one is on the Monaco Meadows, in Kern 
County, which has a capacity of 320,000 acre-feet. The survey of one 
site has been completed, that of Clear Lake, near San Francisco. The 
results are not yet finally on paper. An extended reconnoissance has 
been made in California, in Butte and Lassen Counties, and two large 
reservoir sites have been discovered there. Altogether fifteen reser- 
voir sites have been reported for withdrawal, and about forty more 
^ill be reported soon, in California. But I have them tabulated else- 
where. 

In Nevada, surveys have been made on Weber Lake, Independence 
Ijake, and Donner Lake, in the Truckee Basin, and also in Hope Yalley 
and Long Valley, in the Carson Basin. A canal line has been surveyed, 
to extend for some miles above Wadsworth. It was intended at the 
beginning of the season this year to make a careful study of Tahoe Lake 
to be used as a reservoir. A study was made of it, but it was unsatis- 
factory and the work will have to be done over — the theory on which 
it was made being wrong. 

In Idaho the work has been done on the Snake Eiver and its tribu- 
taries. The Snake, or Shoshone, Eiver, is one of the great rivers of 
the Western region, and a series of reservoirs has already been discov- 
ered. Here on the map is the Snake Eiver. It heads, as you see, in 
Wyoming. A large part of the water of the Snake Eiver must be stored 
in Wyoming, in the high mountains where the rain and snow are accu- 
malated. In that region of country we have discovered three very fine 
reservoirs. The Jackson Lake reservoir, which you see here, will store 
1,000,000 acre-feet of water at a cost of $250,000, or at the rate of 25 
cents per acre-foot. The Swan Valley reservoir, which you see here, 
will store 1,600,000 acre- feet of water, at a cost of 25 cents per acre- 
foot. We have plans for these dams ready. The Fall Eiver reservoir, 
which you see here, and which will be partly in the Yellowstone Park, 
partly in Wyoming, and partly in Idaho, will store 600,000 acre-feet of 
water with an inexpensive dam, but the cost of construction of the dam 
is yet unknown. Several canal lines have been run aloug the Snake 
Kiver at different places, to find out where this water can be used. 
The water stored above must be used below on the plains, here, in the 
main in Idaho. The region of country in Wyoming and in Yellowstone 
Park is not an agricultural region. 

Senator Jones. Is there water enough in the water-sheds of these 
reservoirs to fill them t 

Director Powell. Yes, there is ample water ; much more than we 
are yet able to store. 

The waters of the Snake Eiver and its tributaries, properly taken 
out, and taken to the high lands, first, and recovered after irrigating 
the high lands and again used on the low lauds— from the facts which 
we are now in possession of we are able to say that at least 10,000,000 
acres of land can be redeemed. 

Senator Jomss. That is^ as it now is t 
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Director Powell. No ; bnt by the ntilization of tbe river, hy oaoata, 
and reservoirs, complete. This will involve the construction of a num- 
ber of Teservoirs, the 3it«s of only three of which are now plaoned or 
known, though in a general way we know of others. 

I shall pass from the Snake, rapidly, to speak of the Montana work. 
In Montana we have done work ou the Gallatin, the Ma<^li8on, and tbe 
Jefferson Jiivers — the rivers which unite to tbrm the Missouri — and we 
have done work on Sun River to the north of them, and we have done 
work ou the Yellowstone Eiver, duriop; the paat season, i can not de- 
tain yon long enough to explain all of these works. The plans which 
I have brought with me this morning relate to Sun Eiver, and I shall 
be able very briedy to lay before the committee a very interesting sys- 
tem of works. 

The general plan of tbe Sun Eiver is here on a very small scale, be- 
cause the topography is not finished. On the first map tbe course of 
the river, the lands that can be irrigated, and tbe sites of the uauaU are 
delinented. 

The second map which I present shows the plan of reservoir No. 1, 
marked on the first map. The reservoir itself is illustrated by this map. 
The dam on the river is at this point. These are grade-curves of 1 feet 
elevation ; passing from one line to another you rise 4 teet ; so that any- 
where you can make a section across the reservoir that will enable you 
to compute the capacity of the reservoir. Tbe site of the dam is at this 
]ioint [indicating]. Tbe capacity of this reservoir is 43,y0l> acrt).feel. 
The plan of the dam itself it shown on this diagram. 

These maps which I now show you of the Sua Eiver illustrate the 
character of the report we are goiug to make of that region. The first, 
tlie general topugriiphy on wbicb are placed all reservoirs aud canal 
sites ; second, a sheet exhibiting such reservoir and each caual by itself; 
and third, a sheet like this (exhibiting tbe elements of construction ia 
the works themselves), and all to be accompanied with text or written 
explanations, including the elements of cost, etc., with directions of bow 
to construct the dam. 

Eeservoir No. 2, on the Son Eiver region, is represented on this 
sheet. It has a dam shown on the corresponding sheet, which I hold 
in my band. 

The (jHAIEMAk. How large is thatt 

Director Powell, It has a capacity of 65,000 acre-feet. 

On the map we have a plan of the waste- weir. I need not exhibit to 
you all these plans; we have plans of waste-weirs, of dams, of reservoirs, 
and of canals, and the course of the river and a part ot the topography. 
I think that is sufficient. I need not go into details. It is a small 
river and we were able to complete it in a short time. 

The Chaieman. Have you figured up the expense of those dams I 

Director Powell. Yes. That will be inserted in tbe record also. I 
have it in my tables. 

We find that the water of the Missouri can be taken out below Helena, 
near a town called Toston, a very favorable point, so that at that point 
ail the water that is not used above in the (lallatin, Madison, and Jef- 
ferson Elvers can be extracted from the river and poured out on lands 
of great value. 

The Chaibman. How much of the river is above that point t 

Director Powell. It is a very large river above that point 

Tbe Chairman. There is a large water-shed above that f 

Director Powell. Yes, a very largo water-shed. The whole of the 
valleys of the tiaUatin, Madison, and JeSerson lie above it, and the 
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whole drain.age area from Yellowstone Park down to that place. At 
that place it is possible to take oat all the water stored in the reser- 
voirs above. 

The Chairman. How extensive is the region that would be covered f 

Director Powell. The canal line is about 72 miles in length, and will 
cover a broad section of country, varying from 20 to 30 miles in width. 
Below that point the river canons in places, and I do not really know 
much about it except from general topographical information ; practi- 
cally we have no engineering data on which to speak. 

Od the Yellowstone, the chief reservoir on which, we have worked is 
the Yellowstone Lake, which lies in the park. A magnificent reservoir 
can be made out of it at a cost comparatively trifling — simply opening 
np 2 or 3 miles of channel below and putting in a head-gate and con- 
trolling the river, so as not to lift the lake at all, but to drain it down 
2 or 3 or 4 feet each year, so that it will never be higher than it is now. 

The Chairman. That would be very cheap then f 

Director Powell. Yes. The chief cost of the work will be in the 
construction of the canal. The immediate valley of the Yellowstone 
furnishes only in places favorable sites for irrigation. It is in part 
subject to floods now, and in part subject to cloud-bursts that strike 
the cliffs and bad lands on each side, and these cloudbursts on the 
cliffs and bad lands destroy irrigation works below. Then there is not 
enough land lying in the immediate valley to utilize all the waters of 
the Yellowstone or any very considerable part of them when they come 
to be stored. We hope to be able to carry the water out near Living- 
ston on to the mesa lauds above without serious engineering difficulty. 

The Chairman. What is the character of those lands generally ? 

Director Powell. They are partly rolling j many of them have 
gentle slopes. Altogether these lauds are as good as there are in the 
world for agriculture. 

The Ghaibman. They are not too high up t 

Director Powell. No ; they are goc^ wheat lands. The operations 
of the survey have been extended in another direction. The statute 
requires that we shall determine sites of reservoirs — segregate them 
from the public lands, and report them to the Secretary of the Interior 
and to the land department, and under that statute they are with- 
drawn from sale that they might be used by the people as reservoirs. 
We have made a number of these selections, and all of them I have in 
a table before me, but I shall not read them now. It would take too 
long, and the matter is too statistical for an occasion like this, but I 
will hand the table to the stenographer, and he can insert it in my re- 
marks. The table embraces only a very small part of the reservoir 
Bites that have been discovered, and includes only those which the en- 
gineers have selected. Many others will be selected out of those already 
discovered. 
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IDAHO AND WESTERN WYOMING.* 
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' Capacity much neater tlian XK>88ible delivery. The delivery depends upon nnsettled ^aestions. If 
the proportion of precipitation which runs off from the water ahed is nearly as lar^^e as in tlie case of 
Yellowstone Lf^e its delivery may exceed considerably 1,000,000 acre-feet. 

< There is no qaestion that the water supply is ample, and more than sufSoient to fill this basin. 

* Capacity probably much exceeds the inflow. 

*The storage capacity in the Payette and Weiser Valleys is known to be large, but has not been sur- 
veyed. There is also a large portion of the Upper Snake Basin which remains to be even reconnoitered 
for sites Mid there is no reason to suppose that the above approximates the limit of storage possibili- 
ties in that basin. 
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t There are a large number of great reservoir sites not mentioned here which have been reconnoitered, 
but only to a sufficient extent to determine the fact that they have good dam sites, and a large water 
supply. Any estimate of their actual capacity and delivery would at present be premature. On the 
Muiiison River, Mr. H. M. Wilson is of the opinion that there is storage capacity with fall delivery for 
at least 800,000 acre-feet at a low cost per acre-foot. On the Jefferson and its lorks there is nearly as 
much. Sixty-two reservoir sites, all of which are believed at present to be practicable and moderately 
costly have been reported for withdrawal in Montana. Their united delivery may be roughly esti* 
mated at not lees than 4,000,000 acre-feet. 
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1 Surface 140 square miles ; lake shallow ; maximum depth only 14 feet. 

* Projected ; not constructed. 

* Water-shed now draining into lake relatively very small ; area of lake, 120 square miles. Dam sita 
doabtfnl ; oan be filled by diverting Upper Bear River. 

* Projected ; not oonstiucted. 

* Valuable as possible source of supply of water for use of Salt Lake City. Too costly and too tan^w 
for iirrigatioD. 

* An excellent site. 

*C«il pvobaUy not pxohibitoxy. 
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Senator ^eaqah. That ia a list of tbe reservoirs tbat have beeo se- 
lected i 

Director Powell. That is a list of those already selected aud defined. 
The 1i»t is arranged by States. It will be seen that there is ii large 
number. 

Irri^iible lands have been segregated in the same roanner, aiul all 
segregations have been completed in Montana. 

The total amonnt of lands selected asirrigable inMontana is 11 ,500,000 
oKiea ; in Idaho the total amount of land selected asirrigable is 10,900,OUO 
acres ; in Utah the total amountof land selected as irrigable is 2,200,000 
acres. 

There will be reported in a few days in our office for the State of 
Oalitbraia 1,800,000 acres ; and for New Mexico, on the Bio GraDde and 
in the Eio Grande Valley, 5,200,000 acres, all of land segregated as irri- 
gable land. 

I thought I would bring here our method of record. I have brought 
a map showing where irrigable lands of Montana are situated whict 
have been designated. They are colored green. In the aggregate about 
30,000,000 acres of land have been segregated aud withdrawn from tlie 
market to be offered to the people for homestead entries, as the statute 
provides. There have also been withdrawn many miles of canal lines. 
The sites of these lines remain, under the statute, in the possession of 
tbe Government, as I understand it. In the same manner many hun- 
dred reservoir sites have, been withdrawn from the market, enough to 
store water sufficient to supply many millions of acres. 

In a very brief manner that outlines the work that has been accom- 
plitfhed with the appropriations that have been made m the taut tvo 
years, amounting in all to $350,000. It is not all expended ; there be- 
iujr a sufficient amount of money on hand to continue the work until 
the 1st of July, partly in the office and partly in the field. 

The Ohaieman. What length of time would it take to do the engi- 
neering work, or how early could you do itsothatthe people may knbff 
where to locate the reservoirs, etc-t How long would it take to do 
sufficient work in each State for all practical purposes, so that thej 
could have it in hand 1 

Director Powell. That is a difficult question to answer; it depends 
on the rate of appropriations. 

The Chairman. Of course Ido not expect exactness in the answer; 
but I would like to know about what rate of progress you can make. 

Director Powell. I think it would take a loog term of years at the 
rate atwbich we are now going. 'It would take fifteen to twenty years 
at the rate at which we are now going. It was understood when tbe 
estimates were made that that work would go on very much faster 
hei-eafter than now — I would like to get it all done in six or seveu 
years. At the rate of appropriation on which the original estimates 
were made we ought to get tbe material practically ready in seveii 
years, and one-seventh of the work can be done each year. 

Senator Jones. With what amount of annual appropriation 1 

Director Powell. About $1,000,000 a year; that is it' we have to 
segregate the lands and do all those things which the act of 188S and 
the subsequent act of 1889 impose upon us. 

The Chairman. Suppose you were to leave out all except the reser- 
voirs, aud the points at which the ditches were to be taken oot, ho« 
long would it require, how rapidly could you designate the reservoirs 
and the points, leaving out the surveys of lines farther than would be 
""ressary to designate the proper places t 
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Senator Jones. You have to have the survey made, I suppose, before 
you can tell definitely ! 

Director Powell. I can not do final work in any one basin without 
completing: it all in that basin, and no part of the work is available for 
the people of such basin until it is all finished. We can not plan a s^^stem 
of works by piecemeaL We can not commence at the wrong end and 
plan backwards. We can not plan a reservoir and then afterward dis- 
cover its site; we must know its site first. We can not plan until we 
know the amount of water which will be furnished to it, and by what 
diverting dam and what canal the water can be brought to it, and what 
lands can be irrigated by it, and what canals must be constructed from 
the reservoir to the lands. That is, we must discover the facts upon 
which the plan is to be based before the plan is made. We can not 
make the plan and afterwards discover the facts to fit it. The topo- 
graphic survey must come first. The facts must be discovered by some 
method or other, and the topographic method is the cheapest way of 
discovering the facts, and the most accurate, and the most speedy. It 
would be possible to plan works by guessing at the facts, but when the 
plans were finished they would be worthless ; perhaps they would be in- 
adequate to serve the purpose ; perhaps they would be extravagantly 
expensive because made on too elaborate scale. But the greatest 
danger of all would be to plan works which would not withstand the 
floods and be destroyed. The fortunes of the people depending thereon 
would then be wrecked, and in all probability many lives lost. It 
would be foolish and dangerous to plan the works ignorantly without 
regard to the facts which should govern their construction. Such a 
course should not be contemplated. The only question which can arise 
is, what is the best method of obtaining the facts ; how can they be 
accumulated economically, thoroughly, and speedily ? 

Senator Jones. The surveys may show that such preliminary loca- 
tions are bad. You have to make the surveys before you can know ? 

Director Powell. I do not think it is wise to give to the people 
plans for reservoirs and canals, and designate lands on which these 
waters may be used, until the surveys are completed, except to say that 
" these places are reserved.'' I mean as it is completed from year to 
year; certain areas can be ready every year, but the whole of the 
States and Territories would take seven years, as I have said. 

The Chairman. We will have a number of different localities in 
which the people will be anxious to get to work, and a good deal of 
pressure will be brought to bear upon us all the time. I want to see 
how this can be relieved. 

Director Powell. We propose to relieve the whole situation by tak- 
ing the most densely settled areas first ; then it must be understood 
that there is a certain amount of irrigation in every country which can 
go on independently of all surveys. There are small streams, springs, 
creeks, etc., on which the people can go ahead themselves. This gen- 
eral survey has its chief importance in connection with the great rivers, 
and with large creeks and streams, where large reservoirs may be con- 
structed. 

In some places the people's work is carried as far as possible, and 
where irrigation has been developed as far as possible by this means 
we are pushing in, first to show how that industry may be developed 
by the larger projects. But none of these will cut oti' the minor irriga- 
tion work. The major irrigation, the larger enterprises, will be devel- 
oped from region to region in each State and each Territory as these 
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at what depth they lie and as to their character, whether they be per- 
vious or impervious to water, but go in with a general statement to tbe 
people that it seems to be a good country for the boring of artesian 
wells, and if it should afterwards turn out that it is not a good country 
for that purpose our reports would be of no practical value. CTule^c? 
we should be able to say positively " Bore here, and you will saccee<l ; 
if you bore there you will fail,'' the reports would be of no practical 
value. 

In order to be able to say to the people " You can do this and you 
can not do that," you will require a map based on a survey. Geology 
is expressed in topographic features. The map-making collects and 
arranges these facts of geology in a manner the most economic. All 
sound geology is based on topography. No good conclusive geologic 
work is done in the world without this basis. 

The Chairman. In passing through that section of the country the 
committee took all the testimony that it could get regarding the condi- 
tion and the character of the rocks. Suppose now that the United 
States should make a reasonable appropriation for additional wells to 
determine the extent of that basis, and an intelligent man, a geologist 
if you please, were to diligently inquire and make a careful record of 
what had been discovered — of course your experimental wells would de- 
termine in other places — might you not with one or two intelligent meo 
to observe and record what has been done, and with the Government 
making some more wells, determine with considerable certainty so that 
the people might see where they could sink wells, so as to be making a 
practical move? 

Director Powell. We can take the artesian basins that we know of. 
Some of these basins are pretty well discovered and defined, as I have 
said before. We can say to the people as to certain places, "Bore here'' 
or " Bore there." 

There are other places where the artesian basins are not well known, 
but experiments have been made in them. There are others it is prob- 
able now entirely unknown. We know that there are some artesian ba- 
sins, but we do not know their outlines. * One man bores in one place 
and gets no water. The money of the man who gets no water is there- 
fore lost. To trace the outline of that basin and be able to say to the 
people " You can bore and get water but if you bore 1 or 2 miles away 
you can not get water," that we can not do until we have studied the 
geological structure. 

The Chairman. Yes, but that takes a good deal of time. The people 
are on the ground, and they are boring wells. Their hope is predicated 
on the prospects of getting water. My idea is to aid them in what they 
are now doing by collecting the facts as to the penetrations 

Director Powell. That we are doing. 

The Chairman (continuing). Doing that carefully — ascertaining 
the levels at which they will have struck water, formulating the infor- 
mation as fast as possible, and giving them all the knowledge availa- 
ble; and then, under an intelligent man, having some Government 
money expended in boring other wells to relieve them of the experi- 
mental expense. I have received I suppose twenty oi thirty letters from 
enterprising men in that section, and one from a gentleman in New 
York, the other day, who said that he owned some land there and 
wanted to sell it to settlers. He wanted to know what information 
there was to be had as to the developments that had been made thexe 
in artesian wells, and what the Government could do or would do. It 
occurred to me that it would be well if you could have somebody who 
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was a good geologist to classify what has been done, without waiting 
for the topography — without waiting for the general geological survey ; 
simply to classify what well-sinking has been done ; and then to let 
some cljauces be taken, without speaking with absolute certainty, but 
giviug them all the facts, as to where water is found. They will not 
want to wait until you have done all your work, so as to be able, as you 
say, to speak positively. They want to do something right away. The 
people are there and want immediate relief. 

Senator Casey. Will you be able to determine the limits of that 
basin without the experimentation If 

Director Powell. No, sir ; not fully. 

Senator Casey. Is it not better to immediately proceed with experi- 
mentation to ascertain the expanse of those basins, instead of waiting 
for the topographical survey that will involve considerable time and 
expense f The very fact that the Government is taking an interest in 
this matter will be of great value to the people of that country. Their 
courage will be greatly aided. As to a topographical survey, the aver- 
age citizen knows nothing of it. If he sees a hole being bored in the 
ground he knows what that means 5 he knows that it means business. 
The more important part of the country to water is the uplands, away 
from the river. What the people desire is that they shall know whether 
they can have water. Coming over this country, for instance toward 
the Red River, they will want to know whether they can get water, 
and at what expense. Can not that be ascertained by experiment, and 
can not the other work be followed up as inaugurated? That is to 
say, can not the beginning of the work be the boring of experimental 
wells ? 

Director Powell. The work which is to be done there can be con- 
sidered from two stand-points. It can be considered from the stand- 
point of what will be known when it is finished, or it may be consid- 
ered from the stand-point of its progress — what will be known in the 
stages of its progress. 

While the topographical work is going on, as I should work, the geo- 
logical work is going on, the experimentation is going on; and the 
geological work is confirmed, as it is going on, by the experimentation. 
And when it is finished we will know the whole thing; but we will only 
know parts, as we finish the work in parts, as we go along. But as we 
go along the work will be developed ^artj?as6w. 

Senator Moody. The people who have sunk these wolls are not scien- 
tific people, but mere well diggers. The information which they have 
obtained they have not preserved. 

The Chairman. Some of them have. 

Director Powell. We have more facts than they dream of. 

Senator Moody. They have not the facts which would enable them, 
or enable a scientific man, to determine the strata and the extent of 
the basin ftnd all that. Of course you are aware that right here on the 
banks of the Missouri River, the very southernmost point of South Da- 
kota, they have several wells. We know the fact, of course, that they 
were obliged to go only from 450 to 650 feet, according to the elevation 
on which they started, to strike that basin which brings the water to 
the surface with force, and of course we know the fact, for it is a famil- 
iar one, that the pressure there is from 60 to 80 pounds to the square 
inch. The other day they struck a well at 760 feet at Huron. They 
bad to go 900 feet elsewhere. They got a well at iled field at about 
1,100 feet, and so on. They had to go as far as 1,300 teet on the divide 
between the Jim Biver and the Missouri Biver. 
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Here is a quartzite stratum alon^: the eastern side of North and Sonth 
Dakota. That red quartzite which they call jasper, sometimes granite, 
they have attempted to go throagh, but they have never fonnd any 
water at any depth that they have gone through that. So we call tbat 
the " rim," or the " rim-rock.'' No experiments have passed over the 
Missouri Itiver, or over the divide, in fact they have not got quite on 
the divide. 

Now, the query is whether it would not be advisable to put a force 
into the field at once for the purpose of making a fairly good survey to 
show what area of this country can be utilized for irrigation — to experi- 
ment with this water — to see for example whether there is anything ia 
the water which would be detrimental to crops. 

The (jh AIRMAN. I think the water is very good. 

Senator Moody. And then to dig experimental wells over west and 
across along the Missouri. Where we get across into the western part 
of the country we know there is plenty of surface water, and people are 
using the surface water for irrigation ; they are constructing ditches 
in this region of country. One of these ditches is 25 miles long. But 
going farther north, into the western part of North Dakota, we do not 
know how much use can be made of the waters. What we want is tbat 
these people already there on the ground — 600,000 people are located 
there — may know where they can get water. The farmers will have to 
depend upon bringing water to the surface to furnish moisture either 
in the atmosphere or upon the lands, because there comes sometimes a 
series of years in which they do not have sufficient rain-fall. 

Senator Casey. And tour-fifths of the people are farmers and directly 
dependent on their farms. 

Senator Moody. Now, as Senator Oasey has said, what these people 
want is courage. The courage of conviction is what they greatly de- 
sire, and if the Government will give them sufficient money to dig ex- 
perimental wells they will take care of the rest. 

Senator Casey. But their courage must be built on tbat which is 
palpable to their eyes. They can not be expected to look upon this 
question from a scientific stand-point at all. 

Senator Moody. They want results. 

Director Powell. But what shall the people be given courage to do, 
to bore wells where they will ultimately fail or to bore wells where they 
will meet with success ? Suppose they are advised to bore wells on bar- 
ren ground ; the first failure of that kind would react and all courage 
would be lost. I do not wish to give the people courage to lead them 
on to failure, to waste their energies in seeking disaster. 

Senator Moody. Will not the expenditure of a few thousand dollars 
there by the Government absolutely determine the question as to where 
that artesian belt exists and where to bore ? 

Director Powell. Artesian water can be discovered in part by ex- 
perimentation and in part b^^ tracing out the formation of the ground. 

Senator Moody. And one must go with the other, you think, or ought 
to go with itf 

Director Powell. Yes, precisely. The geological examination with- 
out the experimentation will more or less be futile. The experimenta- 
tion without the geological examination will be wasted. That matter has 
been up before Congress again and again, and appropriations have been 
made for Texas and Colorado. Filty thousand dollars has been ex- 
pended by the Government and thrown away, and yet there are artesian 
waters in that Stat«. But the wells were bored without the examination 
of the geological structure and were not placed where the water was 
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Senator Moody. Is it not practical with a comparatively small ap- 
propriation or expenditure for you to put into that country a corps of 
en£:ineers and others right at once ? 

Director Powell. I have estimates sent to the Secretary for each of 
the Dakotas of $50,000, with the idea that the work there was pending, 
that it was necessary, and that they wanted the work done at the earliest 
possible day. 

Senator Moodt. Fifty thousand dollars for each of the Dakotas f 

Director Powell. Yes. 

Senator Moody. Is that enough f 

Director Powell. I have asked for $50,000 each for North Dakota, 
South Dakota, Nebraska, Kansas, and Texas, to be used in this work. 
With that amount of money I propose to take up, first, the study of 
the artesian waters and storm waters. My judgment is that the storm 
waters will be most valuable. I want to be frank with you. I think 
the people are mistaken, but the people believe in the artesian wells 
and I am going to meet them. 

Senator Casey, And the population lies where the storm water is 
Dot available without very great expense, such as the tapping of the 
Missouri, or something of that kind. 

The Chairman. Oh, no. 

Senator Casey. I am living in that region and am familiar with it. 

Director Powell. My idea is that the people are looking to the ar- 
tesian waters, and I should push artesian examination first ; but I be- 
lieve that it will be but a small resource, and that the great resource 
will be in the storm waters and river waters. 

Senator Casey. The experimentation is different in our case, because 
there are facts that exist from which you may proceed, and the exami- 
nation of the basin should be from what is known outward. 

Director Powell. Yes ; you have artesian basins but how much 
water will they supply is the vital question. 

Senator Casey. That is a different thing from an examination in a 
country where no well has ever been discovered. 

Director Powell. Already we have facts in relation to the two Da- 
kotas upon which we can proceed with a great deal of confidence about 
the artesian waters. There has been suf&cient study of the geology and 
sufficient experimentation to make a basis from which to start. 

Senator Casey. The confidence of the country with regard to the 
James Eiver Yalley itself is established ; but the notion exists in the 
minds of the people that when you have left the particular formation 
which makes that valley (of which they know nothing, but which they 
suppose is the formation inclosing the valley) they will not be able to 
get water. They have not the courage to expend money for wells there. 
If the Greological Survey will ascertain that the basin is not confined to 
that particular valley, experiments will go on by the people in all di- 
rections, but they must have some one thing to give them that courage. 

The Chairman. Suppose that, taking the places that are known, ex- 
perimental wells were sunk outside, where the probabilities are great, 
but where people are not willing to make the experiment, the Govern- 
ment money would not be wasted, would it? 

Director Powell. Some would be wasted and some not. 

The Chairman. If where you succeeded and gave courage then pri- 
vate enterprise would take hold of it; even if you did waste some money 
the information would be valuable. By sinking the well the formation 
would be discovered as you went down. What would be the average 
cost of these wells T 
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Senator Moody. The well at Eedfield, complete, 1,050 feet in depth, 
cost $3,100. 

The Chairman. What did the well at Huron cost! 

Senator Moody. That will cost more, although it is not quite so deep. 

Senator Casey. That well at Jamestown cost $7,000. But there is 
nobody who knows just what a well is going to cost. 

The Chairman. 1 should like to get at a general average, to see how 
much money is necessary to accomplish any useful purpose. 

Senator Moody. Mr. Holt, whom you met' at Huron, I suppose, gave 
the matter a great deal of attention, from the fact that he has bad the 
management of a farm mortgage company there. He told me that they 
had received an oiier fiom a responsible company to sink thirty-five 
wells in that region of country for $'35,000. 

The Chairman. What would be the average depth of those wells f 

Senator Moody. The average depth would be about 800 feet. 

The Chairman. If they went to the higher lands they would have to 
dig deeper wellsf 

Senator Casey. That would be relatively more expensive. I saw Mr. 
Holt and other people at Huron quite late in the season, and the people 
on the ground were quite doubtful as to whether it could be done at 
that price. So that 1 think that you will need to reckon on these wells 
costing $5,000 each, taking the average of the country up and down. 

Senator Moody. Possibly, if you reckon on the divide, that may be 
so. 

The Chairman. Major Powell has got $250,000 for the plains. 

Director Powell. Yes 5 if the work is to proceed on the theory that 
the basins are to be discovered by the boring of wells then the appro- 
priation should be larger. If you want immediate results and want to 
proceed on the theory that the investigation must be made by exi)eri- 
n^entation, the appropriation should be larger and it should be exi)ected 
that much ot* it would be wasted. 

Senator Casey. That could not be avoided. 

Director Powell. With that understanding we can go ahead experi- 
menting. 

Senator Moody. If every experiment was to be a success we would 
not want you to make any experiment. We would make it ourselves. 
It is for the very purpose of determining absolutely that it is no longer 
an experiment that we want this done. 

The Chairman. The situation out there is very pressing. 

Director Powell. If you will give me sufficient money, I can, within 
one year, put a corps of geologists and engineers boring on the plains, 
but it must be understood that much would be wasted, and when the 
work is finished not a very great supply for agricultural purposes will 
be given. The amount of water to be obtained from artesian wells is 
very small, but what there is will be of value. 

Senator Moody. That is what we want. 

Senator Casey. That is what we want, so far as North Dakota is con- 
cerned. 

Director Powell. Many of the wells bored would be failures 5 others 
would be successes. A double corps would be needed — a corps of en- 
gineers and a corps of geologists. 

The Chairman. There is a vast population there now that are suf- 
fering, and the Government can afford to give them courage, if it is 
possible to do so. If it could relieve them at once and stop their suf- 
ferings it would be a great blessing to that country, for it is really 
sufiering. There are 600,000 people there and they have lost their ooor* 
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age. They want immediate knowledge in order to give them eonrage. 
They are a vigorous and aetive people and only want encourafjement. 

Senator Oasey. They want the knowledge that the Government is 
taking an interest in this matter. They want it in a palpable form. 

Senator Moodt. Of coarse we know the existence of this rim-rock. I 
believe yon call it Sioux quartzite ? 

Director Powell. Yes. 

Senator Moody. It is a formation by itself. Of course we know there 
is a little out-crop of that quartzite on the Jim Eiver, which is not very 
material, and there is nothing of it as you go west. The limit of this 
artesian basin, west, has]never been found. In other words, it has never 
been a total failure to find the artesian basin. So we think, or at least 
we hope, that the proper investigation by scientific men — ^by the men 
that you will be able to send out — would supply sufiQclent facts, so that 
it would hardly be an experiment to dig a well. 

The Chairman. How much of an examination would it be necessary 
to make to examine the Missouri Eiver as to where it could be taken 
out, etc. f 

Director Powell. K any ordinary appropriation is made we will be 
able to do that next year. 

The Ghaibman. I do not mean a general survey, but to ascertain the 
particulars t 

Director Powell. I understand. The single fact could be deter- 
mined easily ; it is a question of levels. 

Senator Moody. The situation of the country is such that after get- 
ting out of the influence of the Jim Eiver, you have to take the water 
from the Missouri. You can not climb this ridge. 

The Ohaieman. Oh, no. That is the thing we want investigated. 

Senator Casey. The bulk of the population of North Dakota lies 
east of what is known as the Goteaux. 

The Chairman. Are you through with your general statement. Major 
Powell! 

Director Powell. Let me say just one word more, Mr. Chairman. 
If I beg for thorough work, which will not ultimately lead to disap- 
pointment, I want you to understand my motive in the matter. We 
can do work that will be valuable to the people at once, in some cases, 
but in many cases it would bring disappointment. If we are hurried 
in doing it, instead of doing it in a careful, scientific manner, many 
people will fail and will say ^' We have failed because we followed the 
recommendations that were given.'^ W^e know of three artesian basins 
in the Dakotas : That on the Eed Eiver has been carefully surveyed. 
Its supply of water is limited; but it is in a region of country where 
irrigation is not necessary. Farther west there are two other basins, 
imperfectly known ; one of them gives no evidence of being of great 
value ; the other gives evidence of bemp: one of the finest basins in the 
"world and is worthy of the mo^t thorough examination ; and yet we 
can not hope for a great supply of water for irrigation from it. Water 
for towns, villages, gardens, ranches, ana even for powers, may be ob- 
tained, and perhaps some small amount of water for farming purposes ; 
bat artesian waters are always limited, and excessive boring destroys 
them. The great basin of the Dakotas should be utilized to its fullest 
extent, but it must not be tapped beyond th«« or the whole thing will 
collapse. That has been the experience of many artesian bastus ; and 
it seems to me that it would be wise to direct the attention of the people 
more to the storage of storm waters. There are many portions of the 
Dakotaid where this can be done advantageously and <dieaply. Yet " 
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do not wish to diseourage tbe use of arteaiac waters to the utmost ex- 
tent of tbe supply. 

Tilt) principal supply of artesian waters in tbe two Dakotas is from 
tbe Dakuta sandstone. All tbe great wells are found in it. We do 
not bave to discover that sandstone; we know its extent thionghont 
the country, but we do not know how much water it will yield. We 
do know that the supply is limited, that it cannot be great; that it will 
be iiuposBible to multiply wells indefluitely; and we do not know but 
that this source has been drawn upon nearly to its hmit. Should I say 
. to the people that this sandstone is found &om north to south through- 
out the Dakotas and from the ninety- seventh meridian westward nearly 
to the Rooky Mountains, aud that you can in most places find artesian 
waters in it — which is a fact — it would give the people courage to bore, 
aud many wells would be immediately sunk, and the probabilities are 
that the supply would soon become exhausted and all existing wells 
destroyed. What we want to know is to what extent this source can 
be drawa upon and when the boring of wells into it must be stop. But 
what is still more important, we wish to discover whether there are 
any other water-bearing formations. All this can be determined in tbe 
most speedy and most economical manner by a geological survey based 
on topography and by an occasional experiment to verify the inferences 
of the geologist. The geologist is able to say that such and such rocks 
and such and such districts will not afford artesian waters. His first 
conelnaions are therefore negative, excluding certain rocks and certain 
districts. Then he discovers other districts where the character of the 
rocks and the geological structure give probabilites that artesian waters 
may be fonod, aud these probabilites must be tested by experimenta- 
tion. 

And finally, Mr. Ghainuan, I wish to be understood as expressing the 
oiiijiiiiii that when all the artesian waters are discovered and all utilized 
tlicri' will still not be a sufficient amount of water for the region of 
Cumin y of which we have been talking, extending along the plains from 
oiir northern to our southern boundary, greatly to attect tbe industries 
of ;i<:iifiulture. Artesian waters have always been aud must beinade- 
qiMle to meet tbe wants of irrigation, except here and therefor gardens, 
orcIi;ti'ds,Yiueyards,andfor stock purposes. The great fieldsof Dakota 
can never be cultivated by artesian waters. To encourage the hope for 
success in this direction, on any scale adequate to the needs, is to give 
tbe people a false hope thatwiU lead them to disaster. I know that tbe 
jK o[>ln see streams of water bursting out of the ground here aud there, 
iiiiMt'lUid high into the air, and in times of drought these are beautiful 
set'iii's. I know that they have reached the conclusion that there is a 
hikr ul water undergrooud, and that rivers flow beneath their feet, and 
tli;iL t hey have but to tap these sources to receive an abundant supply. 
Bill I ;l1so know that these opinions are groundless; that the waters 
wliich they obtain are only those which percolate through porous sand- 
stuin: Ircm a long distance away, aud that the supply is exceedingly 
limited. I know that the sandstone in which it is found is widely 
spread, but I dare not tell them of its extent lest they be tempted 
thereby to spend vast sums of money in vain, aud reach still worse re- 
sults by destroying the fountains already developed. It is my opinion 
that the resource is not exhausted, that some more wells can yet be suc- 
cessfully sunk into the Dakota sandstone, but to what extent it is safe 
to go on as they have begun I dare not say until a proper examination 
is made. I am not willing to deliberately face the fac^ before me aud 
encourage tbe people as yoa desire. 
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Mr. Ohairmau, the discussion of this subject of artesian wells has 
come at the end of a long hearing, and little time has been given to it 
in view of its importance. I should be much pleased to be heard by the 
committee at greater length on the subject, and to prepare myself with 
maps and diagrams, that the question may be fully understood. 

Is it wise to encourage the people to gamble for water with the dice 
loaded against them f 



POUBTH DAY'S SESSION. 

Washinqton, D. C, January 31, 1890. 

The committee met. ' Present : Mr. Stewart, chairman ; Mr. Plumb, 
Mr. Casey, Mr. Moody, and Mr. Eeagan. 

The Chairman. I will say to those who are here to-day that we have 
gone over generalities sufficiently. We have collected a vast amount 
of general material. What we want now is to hear fpom any person 
present who has practical ideas as to what can and ought to be done 
to facilitate irrigation 5 how it can be directly got at ; what aid the Gov- 
ernment can give most advantageously and with the least expense to 
make a profitable development of the arid regions. We would like to 
confine gentlemen to that. I would like to hear from two or three on 
that point. Mr. Kettleton is a practical man ; and we will hear from 
him; also Mr. flinton. (Addressing Mr. Hinton.) The committee would 
like to hear your views as to the practical methods of procedure desir- 
able on the part of the Government to aid irrigation. We have already 
gone over a great deal of ground, and have collected the general his- 
tory of the subject from the testimony taken throughout the country. 
Major Powell also has given us a good deal of the general history. We 
will, therefore, necessarily limit those whom we are to hear to-day to 
practical suggestions as to what ought to be done. 



STATEMENT OF EICHAED J. HINTON, IBEIGATION ENOINEEE, 

U. S. GEOLOGICAL SUEVET. 

Mr. Hinton. In the work before us, Mr. Chairman, at present there 
seems to be two distinct points to be aimed at, for largely the running 
waters within the arid region are being daily and almost hourly con- 
sumed. By that I mean the streams and the waters in sight. The 
points to which I should direct then my attention would be : first, that 
we should aim at the conservation of the storm or surplus waters, 
which must necessarily be stored in the high altitudes of that region, 
and^ secondly, the restoration for use in agridulture of the waters under 
the earth. 

These two divisions at the present moment seem to me to be the es- 
sential purposes for which engineering efforts should be made. I sug- 
gest then that the great area lying east of the Eocky Mountains — the 
plains and foot-hills— from the 97th practically to the lOlth degree of 
west longitude must come first, because of the great population that 
has gone in there, and of the large amount of struggle and of pecuniary 
eflfort that have been made by them ; also, owing to the condition in 
whieh they are being constantly placed by reason of the insecurity or 
uncertainty of the water supply. These severe conditions arise not so 
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mucUbytbe Jeficiency of the water supply — takiugtlie years throneh— 
as by ita titi(.'i|ual aud nnsnitable divMon. What w(4 call tLe gi-eat pUw 
region, till' ti, lias for tbework of reclamation to be first considered, aptm 
tbe i^routid that the largest part of the populatiou to be ueuelit^jU b.v 
irrigation are to be foand therein. 

Tho problems iurolved ia that fact are, of cour.'^e, two-fold, as in ibe 
whole field ; Tlicse are the storage of the surplus waters iu the Kocty 
Mountains proper and in the valleys of the streams flowing there, and 
the obtaining af an adequate knowledge of the waters within the eartb, 
60 as to wake plans and lay oat tbe best methods for their economiu 
use iu tbe near future. 

In the two Dakotaa, our journey last sammer, and the evidence that 
has been taken by the committee, show the most remarkable artesian 
water-belt, I think, known in the history of the world. The statistics 
are very limited thus far as to its definite limits, but I have obtained a 
list of abont forty of what I would call town-wells, having depths from 
1,600 to l,8(Htt)4et andapressureof from SO to 220 pounds to tbe square 
inch. TlK'sr lire within a comparatively limited area, which, with per- 
haps two ni- three exceptions in tbe James Valley, would be below i 
level tliat windd allow them to be supplied from the seepage or perco- 
lation of this Missouri River. I do not say that they are so supplied, 
because iin one can tell that at present, but the levels are such and tbe 
geological indications, so far as known, are such as to give reasonable 
ground for tbe belief that some of those wells may be so supplied. 

Senator Casey. From tbeMissoari River! 

Mr. IIiNTuN. From the seepage and percolation of tbe Missouri River. 
From my observation, covering many years, and of late yeiirs very 
closely applied,Iam couviuced that we know very little as to tho practi- 
cal extent of percolation or loss, the underflow some call it, from the 
waters of tbe great rivers flowing across the plains, and through tiie 
arid region generally. That is tbe field of observation that we have to de- 
velop. I believe that under this so-called underflow is in a large degit* 
tbe source of a very great many of tbe springs aud of the wells that we 
find in those regions. 

Senator CASEY. Of the artesian wells, also, do yon think f 

Mr. HiNTON. Of the artesian wells, also. I could not put that for 
ward as anything more than a reasonable suggestion, because there 
has yet been no investigations of a character sufficient to warrant 
anybody in positively stating such a theory. 

Itbas Ikcii said that we needatopographicalsurvey for experimental 
work in tl\:\t region. Against the able and distinguished geiitlemau 
who assuiiii s [hat, I hate to place myself as hostile, but I believe that 
the experii'iice of all engineers testifies that it is a fact that topography 
can not indicate clearly or definitely where any artesian or other water 
may be fonnd. Geology certainly can help in that direction and it cer- 
tainly will help. Tbe Dakota basin seems to be geologically delimited, 
so that its eastern rim is well defined ; its general formation is undei- 
stood, and if there can be an appropriation for the purpose of definite 
experiment in regard, first, to tbe artesian water snpply, its area and 
sources, anil second, to the gauging of the great stream that runs through 
tbe Dukotas that is the Missouri Liiver, so that we may know deflnitf ly 
the amount of water, of tbe volume, etc.. that flows through its chaii- 
nel at any given time, we shall have accomplished a piece of work 
that, well dune, will be done for all time, and dues not depend apon a 
topographical survey or even upon a more definite geological examina- 
tion. 
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If I am asked to recommend the way, I beg to suggest a consider- 
able appropriation for these definite purposes : first, of ascertaining the 
character, through the boring of exi)erimental wells, by the river gaug- 
ing suggested, and by the location of tanks or small reservoirs, of the 
water supplies of the two Dakotas ; secondly, to place the States of Kan- 
sas and Nebraska, with their Arkansas and the Platte Eiver Valleys, 
in another district, find out the same class of facts therein, and in ad- 
dition investigate the best manner of recovering the great body of 
water which sinks into the earth — the water which flowing from the 
mountains spreads through the broad channels I have named, and 
finally sinks into and is extensively retained by the stratum of gravel 
and sand, immediately below the soil. 

There are artesian wells in northern and central Nebraska. Beaching 
over into northern Kansas, in the Eepublican Basin, will be found a 
large body of water lying near the surface, which can be made of great 
agricultural value, at little expense, by experimental work and develop- 
ment. 

When we come to southern Kansas, we find that there has already 
been «ome work done in the way of ascertaining the value of the seep- 
age or percolation of the Arkansas as it flows eastward. At Dodge City, 
though the work has been temporarily stopped by the winter storms, 
they have already run some 20 miles of tunnel or drift. The average 
fall of the Arkansas Eiver from the mountains is about 7 feet to the 
mile. This insures the possibility of putting in levels for the purpose 
of obtaining that under-supply and distributing it over the land at no 
great expense. 

Senator Casey. Point out on the map the regions to which you re- 
fer, as you go on. 

Mr. HiNTON. This is the Arkansas Eiver [indicating], here is Dodge 
City. At Dodge City they are running a tunnel in westward. The 
average fall from the mountains, then, is at least 7 feet per mile. The 
project is to take it out on either side by reservoirs and laterals, and 
distribute it on the land. In the counties to the south, there is a con- 
siderable artesian well region. There are a number of artesian wells in 
Meade County and elsewhere in that section 3 of this, the committee has 
taken evidence. 

In eastern New Mexico there is an extensive region of large springs, 
showing the existencyc of water under ground that comes with great 
force to the surface, We find when we come to northern Texas, and to 
what is kuown as the Staked Plains and the Panhandle region of that 
State, that there are in existence to-day a great body of wells. Some are 
artesian in character, but there are many that flow so near to the sur- 
face and with such force that it is evident that if these wells were sunk 
deeper they would have the artesian quality ; they would strike that 
stream. It is a general belief there, among both engineers and practi- 
cal observers, that the water under the Staked Plains, the water from 
which these wells are supplied, has the character of a flowing stream. 
Some experiments have been made in th^ neighborhood of Marienfelt, 
Odessa, and Midland, on the Texas Pacific Eailroad, which seem to in- 
dicate the correctness of that theory. The altitude lowers abruptly, 
and the land is of a totally different character. Beyond the westerly 
limit of the Staked Plains the land is all of a distinctively arid charac- 
ter, as arid as Nevada or Arizona. It has no precipitation exceeding 8 
to 11 inches of fall per annum. But throughout northwestern Texas 
there is unquestionably a large underground water supply. The springs 
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which come to the surface, the evidence of the wells upon Stated 
Plains and in the Panhandle region, indicate this. Indeed, the testi- 
mony all goes to show that there is a supply sufficient if it could be 
brought to the surface to answer the purposes, by small storage, of almost 
that entire region. The rain-fall will average 20 inches per annum. 

The Chairman. You do not mean by that statement to say that it 
would be sufficient to irrigate all the land, do you t 

Mr. HiNTON. No ; not all of Texas west of the 97th meridian. By 
no means. Of course the valleys of the Colorado and of the Pecos 
Eivers must largely be a surface-irrigation region, supplied by those 
streams. But still a large portion of the area can be supplied by a 
small storage system that may be made by conserving the local rain-M 
from the surplus of the wells, by their storage, and by that of seepage or 
drainage water also. My own judgment is that on these great plains 
running through, ease to west, between 97 and 103 degrees, in the main, 
small storage rather than great works will for a long period of time to 
come be the reasonable and safe means of supply for the people living 
therein. 

Looking at the Great Plains region practically, and as a matter of 
legislative recommendation, I should say that this Government may 
reasonably and properly expend sufficient money to find out the water 
supplies thereof; to ascertain how they can be most economically con- 
served and used ; in short, to learn definitely to what extent these 
plains may be made permanently available for agriculture, or whether, 
in fact, they must be in large part retained only for pastoral purposes. 
This knowledge may be obtained, rapidly and with sufficient accuracy, 
without the delays necessarily incidental to a full topographical survey, 
or even of a minute geological survey. The pioneers will go onto these 
lands. They should have accessible the information requisite to their 
proper direction. 

Of course, I beg leave to say, that it is the business of legislators to see 
that a proper topographical and proper geological survey shall be car- 
ried on, but I do not think the Irrigation Survey is necessarily depend- 
ent on their progress. On the contrary, I suggest, with all deference to 
abler men than myself who express a contrary opinion, that the delays 
incident to their completion will result in a positive injury to the irriga- 
tion work. There are competent engineers in the Survey, and there are 
facts sufficiently known as a basis for their action, so that it would be 
possible to commence at once the work of investigation for experimental 
artesian wells in certain directions ; the work of developing the quality 
and the character of the percolation of the great valleys I have uameii 
the Arkansas, the Platte and others, the flow and character and vol- 
ume of the Missouri, as it runs through these regions. All this is ab- 
solutely necessary. Engineers and geologists may arrive rapidly at 
proper conclusions. The railroad surveys made across the plains will 
give all the needed altitudes. A series of field reconnaissances can be 
vigorously pushed. All the preliminary facts can be arrived at in a 
proper manner some time before this Congress adjourns, and at a day 
early enough to enable it to have some definite information before it 
on which to base any other action that it might deem desirable. I 
want to add that whatever money expended experimentally on these 
lines will not need to be continued. A topographic survey, or rather a 
series of topographic maps, is not a precedent condition. 

The Chairman. Your attention has also been called to Arizona 
There are a large number of petitions from there for experiments such 
as you suggest. 
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Mr. HiNTON. Arizona is a region over which I have traveled and dtiL**^ 
served almost as mach, in days past, as I have in Kansas and the central 
region. In sonthern Arizona there are areas of underground supply 
that can be developed. The Santa GruzEiver, for example, flows under 
ground to Maricopa, in the Gila Valley. It runs into the Gila River 
near that point. The Santa Cruz River rises a few miles below the 
southern line of the United States, in Mexico. It runs almost directly 
north to Tucson. Nine miles beyond Tucson it is lost under ground, 
and then, for some 87 miles it flows under ground, until it enters the 
Gila and helps to swell that river. The valley of the Santa Cruz con- 
tains about 1,140,000 acres, a very large proportion of which, if there 
were water for it, could actually be brought under the most efficient, 
horticultural use. It is a region admirably adapted for fruit. At the 
Mission of Tumacacori, and at Tubac, Calabasas and other places, there 
are the remains of fruit gardens that the missionaries planted and used. 
I have seen, in years past, all the semi-tropical fruits growing on farms 
that were maintained there against the Apaches. The Santa Cruz 
Biver should be taken out, as near its source as possible, and distributed 
by means of high-line canals. 

The land is very fertile. The river has a great drainage area at its 
head. It is fed by several very important small streams on both sides, 
and if it were taken out and placed in a new channel, and distributed 
over the valley, the entire region at and below Calabasas could, I believe, 
for some 10 or 12 miles wide and 150 miles long, be made a perfect gar- 
den. We used to fancy in years gone by, in traveling over the Cienega, 
north of Tucson, that we could hear the waters running under ground. I 
do not know whether that was a correct inference or not. Eastward, 
and lying beyond the Dragoon Mountains, will be found the San Simon 
Valley, or plain, known in the olden days as the principal route south- 
ward of the Apaches. You can get water in the San Simon and Sul- 
phur Valleys anywhere at from 8 to 40 feet below the surface. All 
through, in this low table-land, you will find wet places — the Mexicans 
call them cienegas. There are a number of ranches in that valley now 
supplied by such waters, from either wells or tanks and ponds. The 
San Pedro River also, between the San Simon and the Santa Cruz, rises 
in Mexico, as the Santa Cruz does, and can be, by storage near its head, 
made of much greater service than is now the case. Upon the plateau 
on which Tombstone is situated they have some artesian water, and I 
understand there are two flowing wells at that place. 

Crossing into Few Mexico, over the Chiricahua mountains, and be- 
yond the eastern foot-hills of that range, you reach Doming and the ta- 
ble-land around it. Water has been found there from within 25 to 40 
feet of the surface. It is an important railroad junction. It is so near 
that slight pumping brings it to the surface, and makes it valuable for 
the small irrigation, for fruit and gardens, that is going on in that 
region. 

From what I can learn in relation to it, it would be possible to de- 
velop the whole well or artesian water-power there, and create a small 
storage system which would bring a large proportion of that mesa, or 
bench land, under cultivation for grass and root crops, as well as for 
fruit. Through this region and up to the lower foot-hills, water can 
almost always be found a short distance from the surface. Most of 
these little valleys of that region could be reclaimed by the use of 
small storage. 

The Chairman. What have you to say as to Salt River and the Gila, 
and their valleys 1 
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Mr. HiNTON. The Salt Eiver and the Gila are necessarily to be de- 
veloped bj' large systems of irrigation. I do not believe that the Gov- 
ernment of the United States will have to ekpend any large sams of 
money in the direction of assisting Arizona or the capitalists who may 
interest themselves in the reclamation of those two valleys. When I 
first visited. Salt River, years ago, there was considerable land in the 
hands of small farmers with little ditches. The same thing can still be 
seen in the Mesilla and the Eio Grande Valley. Within a few years, as 
the evidence taken last summer will show, the Salt River Valley has 
passed under the control of a large corporation. The supply is better 
managed and of a much better character. If their propositions are car- 
ried out it will still further increase. There is probably no region, even 
in California or any other State within our borders, that presents a 
larger future as a horticultural or fruit-raising region than the valley of 
the Salt River and the valley of the Gila. On the Gila there are points 
where storage reservoirs should be maintained — at the buttes, near 
Florence, and above. Large irrigation systems are always desirable. 

This region through here is a canon region [indicating on the map]. 
It is not itself of much use for agriculture or even for pasture, but it is 
of great service as a source of water supply. In this region [indicating] 
the irrigation would be accomplished largely by local storage, some of 
which will be quite extensive, as at Walnut Creek; but it will be what 
in the future will be known as a secondary system. It will not be the 
high altitude storage system. 

In regard to high altitude work we must bear in mind that what we 
now really know of the precipitation over the whole of this region relates 
more to the valleys and the table-land than to any other part. All the 
meteorological or weather service reports that we have had have been 
simply for the purposes of local trade and traffic. We have had no 
system of observations of a definite and distinct character in regard to 
the mountain ranges. The rain chart presented in the la«t census by 
Mr. Gannett, and of which I have a copy here, and which has been im- 
proved by later observations, shows that the only record we have of 
rain fall definitely from the ninety-eighth degree to the Pacific Ocean 
will range, going from the east to the west, from 20 inches down to 8 and 
9 in the basin, and up again to 18 and 20 or 24 on the Pacific coast 
At some points it will fall as low as 3, 4 and 5 inches. This is the record 
at Yuma, in the Colorado Desert, at Mojave and elsewhere. We know 
as a matter of fact, though not from a recorded series of observa- 
tions, that the rain-fall and snow precipitation on the mountains is as 
from 3 to 5 inches in excess of what it is in the valleys below. The 
average snow-fall on the Sierras will be from 60 to 70 feet of loose 
snow, giving us on the basis of 11 inches of snow to 1 of water from 5 
to 6 cubic feet of water. All, or nearly all, of this water runs to waste. 
At least 90 per cent, of it passes away in evaporation, or largely in the 
ground. The largest portion disappears below. 

The first great feature of an irrigation survey proper will be the con- 
servation of these storm-water supplies. I take it for granted that it 
is not necessary to accompany a survey for that purpose by an attempt 
at an accurate topographical survey of the lay of the land. I have 
never seen or heard of any country in which a topographic survey has 
been considered a condition either precedent or subsequent to snccess- 
. ful irrigation. The chief objects, then, of a United States irrigation sur- 
vey to my mind are, first, to delimit, so as to be known of all men, the 
drainage areas; secondly, to define the available reservoir sites within 
those areas 5 and thirdly, to indicate the channels by which they can 
\ be most economically distributed when made. 
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So far as the Govcriiinentof the United States is concerned^ it being 
definitely niiderstood that there is no work of construction to be under- 
taken, the object that it Ji^hould .have in the establishment of an irrigar 
tiou survey is to achieve those definite and distinct points, the delimit- 
ation of the drainage areas, the definition of the reservoir sites, and 
the indication on the maps, the simplest and clearest that can be made, 
of the leading, most economical, and safest methods of storing and sub- 
sequently distributing the waters that are to be conserved. 

The work I have indicated as that which in my judgment should be 
done east of the mountains would be largely in the way of experiment. 
Some of it might fail ; other portions of it would, I believe, succeed. I 
do not know positively ; no one does ; but I believe so. But, when the 
wells are once suiik so that we have found the definite basis of supply 5, 
when the rivers and streams are gauged; when we have examined into 
the question of the value of the percolation of the great streams like the 
Arkansas and the Platte, the money expended on that would have 
settled the questions at issue. The encouragement which will be thus 
given to industry and eflfort will be quite sufficient to induce private 
capital to go in with them. Behind that and beyond it the work of 
the great storage basins must go on. Each drainage basin is supplied 
in the main only by its own local precipitation. We do not get any 
more water practically than falls upon it. In, therefore, developing 
such a region as the Arkansas Yalley, while we do not necessarily now 
have to establish, and might not this year or the next have to estab- 
lish, the high storage basins, we must expect to see them developed 
and completed finally in order to insure continuous security and safety 
to the entire valley. 

First, then, I would take the Arkansas Yalley as one practical fact. 
I would take the valley of the Rio Grande, which is in peril, as another. 
Both of them, owing to the great snow-storms of the passing winter, may 
be very well situated next summer, yet all the time they are in peril. 
This is owing to the use of the water in Colorado, the State wherein 
they both rise. The proper use of the Colorado use is water. It is nec- 
essary to develop the facts indicated by the Director of the Geological 
Survey. I believe they are facts. In the Rio Grande Yalley there will 
be found to be a series of great storage and drainage basins, each por- 
tion of which can be served by its own high altitude precipitation by the 
6110W and storm waters stored in the mountains that mark the drainage 
riuiR and outline these great basins. 

Utah comes next in my judgment. The people of that Territory have 
developed the primary forms of irrigation in a manner and to an extent 
unknown elsewhere in the country, but they have reached pretty nearly 
the limit of their capacity in that direction. And with the recurring 
ariil or dry seasons they are always in danger of losing their prosper- 
ity through the loss of crops. They have 600,000 acres of land under 
water, and usually irrigate that much. Last year, as the testimony be- 
iore your committe shows, not more than 350,000 or 400,000 acres of that 
land were in cultivation. Utah needs deliberate and definite work in 
regard to defining and delimiting, as I have said, the drainage areas 
u lid their reservoir sites with a view to the encouragement and support 
of those people. It will also need some work in the development of the 
underground supply, because in the basin of Utah Lake and elsewhere 
to a limited extent there is an underground supply produced by the 
drainage of those great waters, and the United States might profitably 
spend a little money in testing the capacity and extent of the areas 
tliereot 
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The same is trae of Nevada. Kevada, perhaps the chairman will 
permit me to say, is looked upon as rather the lost sheep of the Ameri- 
can Union ; as having very little capacity for anything now except the 
possible discovery in years to come of a new bonanza. I do not hold 
that opinion, and I have passed mach time traveling through Nevada 
in the last fifteen or twenty years, and have studied it closely, and I 
believe it is possible to make Nevada, by a comparatively moderate 
expenditure, by means of the reclamation of its arid lands from water 
supplies that are in sight, a State that will support a population of at 
least a million of people in the comfort which irrigation produces to 
the community wherein it is practiced. I should like to say here that 
farming by irrigation produces a more comfortable life, more prosper- 
ity, and, so far as my observation goes (and it extends from America to 
Bgypt and from there to China), it produces more food supplies, more 
sustenance from the land, and brings more comfort, prosperity, and 
certainty to those who work by it than any other system of farming 
does. It makes the production of food almost as certain as the weav- 
ing of cloth. 

I have gathered a few items regarding Nevada which will take but a 
moment or two to state, because there are some problems involved 
there in the question of reclamation that need consideration. 

The area of that State is 71,737,600 acres, of which the water area is 
but 1,081,600 acres. The timber is estimated to cover 2,600,000 acres ; 
the pastural area is estimated to be 30,000,000 acres, the mineral area 
15,000,000 acres;* the desert and saline deposit, 3,656,000 acres, and the 
agricultural area is placed at 20,000,000 acres. That is the area to be 
reclaimed, if water can be obtained. 

The State board of reclamation appointed to consider the question 
of irrigation therein, in the report embodied in your testimony, pre- 
sents a series of statements by counties, which will show an area of 
17,981,000 acres as possible for reclamation, of which area 2,198,000 
acres can, in their judgment, be reclaimed by wells and springs that are 
known to exist. In Esmeralda County, in the southwest, there is an 
area considered to be reclaimable, and also in White Pine and in Nye 
County, in the southern and eastern part of the State. There are sixty- 
five artesian wells'in Nevada. The average altitude of the State is con- 
siderably over 4,000 feet above the sea-level. It is a mountain bowl, 
surrounded by high ranges, and the fact that there is found even that 
limited number of artesian wells would indicate the necessity at least of 
examining into the character of the drainage or underground water sap- 
plies. There are a large number of important springs. 

The trouble with Nevada is, in the main, that the drainage area that 
will most surely supply the water needed for reclamation is found largely 
within the limits of other States and Territories. In the north, the 
rivers head up in the northerly and northwesterly territories. On the 
west, the easterly slopes of the Sierras are unquestionably part of the 
drainage area of Nevada. I am not speaking of political lines, but of 
the natural features. The great lakes that lie upon the Sierra Nevada 
are mainly upon the eastern slope of those mountains and the waters 
naturally and properly belong to the people of Nevada. Take Lake 
Tahoe, 78 square miles of its surface (that is, two-fifths), are within the 
lines of the State of Nevada ; the remainder is within the lines of the 
State of California. Lake Tahoe is ranked with navigable waters and 
belongs then to the Federal Government. It is all on the eastern side 
of the mountain. The ranges rise from 3,000 to 6,000 feet above it. 
Lake Tahoe has a drainage area of at least 1,200 square miles ; the 
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valley of the Truckee has a large drainage area. From Lake Donner 
and the other lakes that are known along that range water can be ob- 
tained. Lake Donner has been surveyed and its boundaries meandered. 
It is now reserved for irrigation purposes. Sufficient water can be ob- 
tained for western N^evada without the loss of a single cubic inch to 
California. By the storage of water in the mountain lakes alone enough 
can be obtained to reclaim from 1,000,000 to 3,000,000 acres of land. 
Even if it be but 1,000,000 acres it will amply repay all its cost and 
doable at once the values of the State. 

That land is worth nothing, or very little more than nothing now. It 
would be worth from $15 to $30 an acre if it were watered. That would 
make as prosperous a community as could be formed within the bor- 
ders of the Union. Nevada was born during the war, and by her 
mines hundreds of millions in precious metals have been added to the 
general wealth of the country. The larger proportion of those who have 
benefited by that development have left Nevada to struggle through tbe 
I)overty and indifference that are now surrounding her people. I think 
it is within the range of legislative action to consider whether this child 
of the mountain and of the war can not be benefited by some special 
work and special appropriation to carry on that work. I hold that 
Nevada stands first with New Mexico and the Dakotas, with Kansas 
and Utah, as among the earliest regions to be considered. 

The committee will understand that I am an officer of the Geological 
Survey, and that I am not placing myself — not intending to, at any 
rate — In direct opposition to the Director in any of my suggestions. 
I design only to do my duty to those on whom falls the responsibility of 
legislation. I am obeying orders to me imperative. My observations 
and my knowledge then, such as they are, lead me very strongly to 
the conviction that a topographical survey, a platting of the entire arid 
region upon the scale of 4 or 20 feet to the' square mile, is absolutely un- 
necessary for the carrying on of an irrigation survey such as I liave 
understood Congress to have designed in the making of its appropri- 
ations. I have seen irrigation practised from Utah to Egypt and from 
California to China, and I have studied its entire history, but I have 
never yet seen or learned of a region in which a topographical survey 
was a condition precedent or even subsequent, so far as success was 
concerned. 

I believe the Irrigation Survey should take on very largely the feature 
of a great reconnaissance, conducted by civil engineers competent for 
that purpose. I have in my own mind framed a little idea as to what it 
might possibly cost to put such a work for the next year under way. Of 
coarse, I do this without having that definite knowledge of the admin- 
istrative needs which come only from the direction of a large office and 
of the handling of the expenditures thereof. 

I have placed the total appropriaibion at $750,000, of which I should 
expend, or should indicate the expenditure of, $350,000 for the develop- 
ment of the underground water supply — the wells and the river under- 
flows in the region lying east of the mountain. The other $100,000 I 
would expend in as rapid and as complete a series of surveys as pos- 
sible — surveys or reconnaissances by proper engineers competent for 
that purpose. I think that ten or twelve such parties could be put into 
the field and practically a large part of the work of delimiting and de- 
fining could be done. The need of rapid work is shown by the fact that 
seven-tenths of the arable portions of our remaining public domain is 
now found within the arid region. 

The Irrigatiou Survey divides into three parts, as a method of admin- 
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istratibn, in my mind : First, the civil engineers, whose work it is to 
obtain the information; second, the hydrographic engineers, whose 
work is of a delicate and important character, in the ascertaining of 
the water supplies, their extent, their volume, etc.; and third, the cre- 
ation practically of a new division, which has never yet, in any large 
sense, been attempted. We want a small corps of trained observers in 
climatology. We ought to have a small number of stations at least, 
in the highest altitudes in which they could be placed with safety to 
those who are to work therein. We ought also to have an appropria- 
tion large enough — it would not be a great amount of the tot^l — to en- 
courage the taking of volunteer observations in mining and lumber 
camps and in other places where labor and human habitation go on in 
those high altitudes, and we should have some persons to superintend 
and to gather and obtain this knowledge. It has been suggested to 
me by a gentleman who has studied this question and is familiar with 
the work that $10,000 or $12,000 expended properly in that direction 
would be as beneficial as anything that could possibly be done. 

This is not simply weather service observation. Weather service ob- 
servation is a minor division really of the greater service suggested. 
What is needed is the study of climate in its largest aspects ; in these 
regions and under those circumstances that will bring the most return. 
First, then, I say, that an irrigation office wants a competent civil en- 
gineer and staff; second, it wants a competent, but small staff of hy- 
drographers, and third, it wants a small staff of students or observers 
in climatology. 

Senator Eeagan. Would you not extend that to the valleys as well 
as to the mountains ? 

Mr. HiNTON. I would, of course ; but the valley observations can be 
properly carried on by the Signal Service, now in existence, and so 
that there could be perfect co-operation. A very large proportion of 
the lower altitude work can be carried on by a little extension of the 
present weather service machinery, but the law and appropriations for 
the present machinery do not embrace that of which I am speaking — 
they are not intended to embrace it — they are not designed to cover it, 
and Signal Service men are not properly or particularly well trained to 
do it. I would simply supplement their work and bring the two into 
harmony. That is why I say it does not require a very large sum of 
money. 

In carrying out the work of an .irrigation survey during the present 
year, at least, it is not necessary to press this class of work in the regions 
where the population, so far as is known does not immediately demand 
it. I should aim to carry that work out in the regions where it is 
mostly to be required for immediate necessities. I have indicated in 
part what those are. At the same time I believe it will be possible 
within three or four years to close up entirely the field-work of the irri- 
gation survey proper. If I am not mistaken the topographical survey, 
which is doubtless a necessity for the future, which every great country 
will carry on, and should carry on, is a question of time, so that if the 
irrigation work is to depend on the progress of the topographical sur- 
vey according to areas covered as presented here it would take some 
twenty years or more to complete it at the present rate of expendi- 
ture. It would take less than that at a larger rate of expenditure, but 
it would take not less than $8,500,000 or $9,000,000 to complete in con- 
junction with the irrigation work a topographical survey of the region 
west of the one hundredth meridian of longitude. It is estimated to 
cost $5 per square mile, and I have heard so competent an engineer as 
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the able officer in charge of the irrigation survey declare that he 
can do the work needed for 1 per cent, of the lowest cost estimated for 
a complete topographical survey. 

I think, then, that this topographical work may well wait on the prog- 
ress of the population and the growth of wealth. I do not believe 
either that it can now be done with that sufficient accuracy by the means 
now in hand that will warrant the attempt. The makers of maps who 
have had the handling of the topographical maps made by Wheeler and 
Hayden, and others in the West heretofore, find the grossest errors. 
At various times I have been told of localities in which a difference of 
as much as 1,000 feet has been found. The topographical survey that 
is now being carried on is certainly in the largest sense a much more 
accurate attempt at that work than has ever been attempted before in 
the country. But it can wait, as I suggest, upon the progress of popu- 
lation. 

I want to call attention, if I maybe allowed to do so, to the necessity 
of action on the part of Congress at this present session with regard to 
the boundary matter and the international dam at El Paso. It was 
once my fortune to live in that city for twelve months. At the time I 
thought it was an ill fortune, but I have got over that idea since. I 
have traveled through northern Mexico a good deal and have studied 
the condition of the people there, and have been up and down that val- 
ley and I know something of the circumstances that surround it. 

Unless some action is taken to definitely determine the boundary- 
lines between the Eepublic of Mexico and that of the CTnited States at 
the point where they come together at El Paso and below it is quite 
certain that there will be continued trouble, disorder, and want of peace 
from year to year. It is not a question primarily of irrigation ; it is a 
question of international obligation. Under the treaties of the United 
States the people of Mexico are entitled to certain rights. Under the 
circumstances which surround the flow of the water in the Eio Grande 
they are deprived at present of those rights, and they are deprived not 
by their own action, but by the action of that portion of the American 
people who live within the upper boundaries of the Eio Grande. It is 
not, of course, an intentionally hostile action, but its effect is the same. 
It is therefore necessary that action should be taken. There have been, 
as you are well aware, surveys made and plans devised which are ad- 
mirably adapted for the establishment of an international dam and 
reservoir at El Paso. In a little publication which I have received this 
morning (I think it has not been made a matter of record even) Major 
Mills estimates the total cost of the dam — the purchase of the land and 
the railroad removals that would be required 

The Chairman. I think Major Powell gave those figures. 

Mr. HiNTON. The total amount is $1,007,599. I did not know whether 
they had been given. 

So far as the survey is concerned the work has progressed. I take 
the liberty of urging that such legislation be had as will bring about 
at an early day the appointment of an international commission for the 
purpose of settling that difficulty. I shall be glad to answer any ques- 
tions which the committee may ask. 

Senator Casey. In the matter of experiments, in my State, for in- 
Btanee, how many wells would you guess would be required to make 
that teist as to the extent of the irrigation basin ? 

Mr. HiNTON. Colonel Nettleton, who is the engineer of the Eocky 
Moantaia portion of this present survey, is here with us, and I think 



lOfi 



nxjaAiiC'S akh BETUutATios" ■:•¥ Axai L-isas. 



Mx- SET!njrrc'3(. 1 »fT«r w»s in r^a^fca in bit life, 

Ocowit^ ra-T^i^Oy m ijw ten :■(» «:" wr-l.t- iMwetKULrr *( in- ; nl ilown. As 
Xr. 5L:>T'.'3t 1 »t«i.c HTscIi fcrrr^ li k-i liifci » fjtwail ■j+iirc'jTia- 

S^. iL-.'»r'.:x. Y«»: ■•* iifc"t iji; ^c.cj-*. ia<i <az ^.t* ii» w>::hi 



STtTTTTTr CIX * UTTHTCX : 






Vr- 5»*; '. IS .•. >. I i^iv "Nflffl 6.tJif~r-i-^ 7»-jr»"-ii t^- profeesion of 
SI' i so -^* J •»:€*.: X — ;'»^i"7 "•ra^* ;a TT';!-! ""-"(I u>t j"'ir-i; i: t?nji»**ric; 

:n "JJis '•'■■nC ■«»a..T.> 'H C-jit.Tliiilt ? Jr -3«t iU-Crr-flrr - i:^ I OATv brt^n 
(SmliJtrv'f;*!. • T-l ZiK 'S\:--.^'.'Jlt:nZ It lr"-^irua. Biun. ." .2. Coiorj^io, I 

3a B hrt:« v"*- it nx-it^t. :ffij».*!^-sk.." ■* .-j jir-^ r>-r^irkz-<a?>. ^uid for tV>ar 
J-Tik^s 1 •»:«* ^k^i? •rti^'ici^ :a Cuiurniit. ;r^-4r:iii And jrAD^inrJ rfae 

iiur Stii;"- !«•* -v.ii" -i^ 31 :rT'i5t;;iia. L >iiii«-L ■rae UiiL-jii St;Ltes Irrt- 
^tettuD :kir«r:y !ai>l >!»:■. 4i^ su;ii:r"j!iiii* eui^-ui^r. air dm tiUciCefD h^If of 
Lie -irni .i>u:i;rv. 

['j« VJ.i •tx.^t. I * 'fill -ntrtivd'nr-:' w uniniK. i»jm tijot experienfe 
auti i'tu'^-vt^v M :i)« t.-i^ttuir). -^'jiAi i*-a« >rtr juid .-iif iT'^st way, frum 
Mi tu^iuvvfn^ 'wiiit 1^ V-*:*, T«j .■■mi,>.c-« ^ «irirt,T ~u ik'ieBt for ibe 

wiiu-ii *ini wtiil A\toC <fx;*vii«( — .1) a»;r, -m ■tut -iitj^-ic tu .'-^ lune to aecnre 

!Hr. >Mri.KH'>. .V» I. ^linicrsfamt :«•• u* i;>uti «[]!■ !i tlie appropn- 
itCiutiA M.» iu.uiv ior riiiS »ur;>U(»«A, .t ««^uin -u 3ie ruac :iti- whole of this 

iliji .smvfi- iin-iiiunif; ■siiLlK'iviii :oi>ut:'-M|>.i.i.';ii YurK and sofficwnc hv- 
dioKciiiiiiK'itl w-jik. U -*vLii!N :u ;ii« .u.vi. ,;ic v» iioie am be dtme luultir 

VtU-lK'iwi »l- II, ,..LV .iviMMri.ci.i 

WlK'nitiiiiiii.i. 
Mr. Smt., 



U ,<ii<ii 



'iu' tiUii'iiwirs ilo tie necessary 

iiin:mi>ltii;il sarveyiag is aeces- 
.> ic iiiiLiiii: iHtes oot»tiie. Tbe 
I'U ou^t iii.t;i'iu£, aad thAt can ht 



THE DEPENDENCE OF ENGINEERING ON HYDROGRAPHY. 107 

done under the same management. So I do not see any necessity for 
separating or makiug three divisions, all working separately from each 
other in the field, none knowing the work of the others until the next 
year, perhaps longer. 

It is a fact that the engineering work is dependent largely on the 
hydrographic work. In many localities we find a large number of res- 
ervoirs and it is a question whether there are not more reservoirs than 
water. It is only by the hydi'ographic work that we can determine 
whether the basin is too large. The hydrographic and the topographic 
work shoald go together. 

The Chairman. Suppose you should reserve temporarily more reser- 
voirs than are required, and you found you did not have water suffi- 
cient, you could only utilize those that you had at first water enough 
for ; the others could remain reserved, and if you found, by experience, 
that there was a deficiency of water supply, and you got people into the 
country, then you could make other reservoirs and increase your supply. 
It would not be necessary to know the full extent of the rain-fall, etc., 
before making the reservation. 

Mr. Nettleton. I was basing my suggestion on doing the work in 
the quickest time possible and with the least money. 

The Chairman. That is what I want to get at — the Government work 
that should be done to enable the people to carry out the rest. 

Mr. Nettleton. In the arid country the first thing would be the 
finding of reservoir sites — ascertaining their extent and estimating the 
capacity of the dam to impound the water. I believe it is in the law 
that we are obliged to make estimates of the cost. That necessitates 
the making of a thorough survey. 

The Chairman. Of the reservoir sites ? 

Mr. Nettleton. Yes ; also of their capacity. I think it is also neces- 
sary to have the drainage matters established. Then it is necessary to 
run the preliminary lines of high-line canals. 

The Chairman. You would not make a working survey, but run the 
general lines and leave monuments. 

Mr. Nettleton. I am not certain whether the law does not require 
the cost of these irrigation canals, and if it does, it needs something 
more than a rough high-line to determine the cost of an irrigation canal. 

The Chairman. If they had a reservoir site set aside and the high- 
line run, the people then could understand the situation. 

Mr. Nettleton. Yes. 

The Chairman. Might not the estimates of cost on the ditches be 
postponed and that work done afterward ? 

Mr. Nettleton. Yes ; I think that if either was dropped out the 
estimates of the cost of canals might be. 

The Chairman. Might be postponed? 

Mr. Nettleton. Yes ; I think it would be well to make surveys of 
the reservoirs so as to make pretty close estimates of the cost. 

The Chairman. And of the high-line ditch ? 

Mr. Nettleton. Yes. 

The Chairman. Then the people would go into it and make their 
own estimates of the cost of the other parts H 

Mr. Nettleton. Certainly. 

The Chairman. What expenditure, if you have estimated it, would 
be necessary per annum, to prosecute this work with vigor or as fast 
as it is required ? 

Mr. Nettleton. Covering the whole arid country do you mean t 
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The Chairman. Yes, leaving out the experiments for wells, because 
that is temporary, and we have to estimate that separately. I mean for 
a survey for the arid country, locating reservoirs and indicating the lines 
of ditches — how much per annum would be necessary to cariy ou that 
work 1 

Mr, Kettleton. That will depend on the time given to complete the 
work. The best and most economical way would be to extend it through 
a series of years — five, eight, »or ten years — beginning in a small way 
with small appropriations and gradually increasing the appropriations 
as we get a better knowledge of what to do. This is all new work to all 
of us, and my idea would be that commencing in a smaller way and 
feeling our way along, would be better than to expend a large amount 
at first, part of which might be useless. 

The Chairman. And you would use that money where the immedi- 
ate demand is to arise, for use by the people I 

Mr. Nettleton. Everything else being equal, I would. 

The Chairman. You would distribute it then in ditt'erent localities, 
where they have population ? 

Senator Plumb, That is, you would use the money in sections where 
people are already on the land rather than to entice them into new 
areas. 

•Mr. Kettleton. Yes ; I would try to develop that country where 
the people are — where it is possible to do so. 

The Chairman. You would develop the inhabited localities? 

Mr. Nettleton. Yes ; and if such development was not possible I 
would let the people know it. 

The Chairman. I wish you would think it over carefully and par- 
ticularly, then make a short statement in writing after you have looked 
orer the field, and see where money is required. You have a knowledge 
of the country and how money can be expended to advantage. Give us 
a short paper on that. Take your time to do it. 

Mr. Nettleton. Do you wish me to name the localities and the 
amounts ? 

The Chairman. The amounts that would probably be required, yes. 

Mr. Nettleton. For one year ? 

The Chairman. For one year. 

Mr. ISTettleton. I will do so. 



statement of edwin willits, assistautt secretaet op 

agriculture. 

The Chairman. The committee will be glad to hear any vStatement 
you may have to make that is of interest in regard to irrigation. 

Mr. Willits. You sent to the Department of Agriculture last sum- 
mer, Mr. Chairman, inquiring if we had any information on this subject. 
I will simply say that from the time I came to the Department irriga- 
tion was a matter of great interest to me. The first question I asked 
was, what was being done about it. I called upon the heads of divis- 
ions for information. They reported to me, and I had it in writing, but 
unfortunately it was on the general subject. Some of the gentlemen 
have come here this morning with information in writing. I do not 
know that we have anything to say in reference to the specific questions 
that you want answered. 

I desire simply to emphasize the fact that the Department of Agri- 
culture is highly interested in the subject. Some of its chiefs have 
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been across the country this year, but they have not, after all, specific 
knowledge. Their knowledge is general ; therefore we can not answer 
many of the questions that you desire. I would like, however, to 
present the papers, and you can file them. We did not come here to 
make speeches, but to gather information for ourselves on the subject. 
I have nothing further to say except this: Colonel Hinton has referred 
to the absence of any study of climatology. I have seen the perfect 
weakness of all the information we have now on that subject. It is 
the great impending question in the Department of Agriculture. 

The whole weather service has been confined to the mere skirmish of 
weather forecasts, etc., without studying the great broad question of 
climatology. I will emphasize what the colonel has said, that the sub- 
ject is much broader than the question of ordinary rain-fall. 

The Chairman. Is your Department doing anything in that line! 

Mr. WiLLiTS. Nothing. To tell the truth we are waiting to see 
whether the weather service is to be transferred to us. If it is, one of 
the things that we shall do will be to organize it in that direction. 

The Chairman. It seems to me that the weather service, if it is to 
extend all over the country, should be placed in your Department. 

Mr. WiLLiTS. I have nothing to say on that subject, but I have sim- 
ply said that if you do not transfer the weather service to us, and we 
should come at the next Congress and ask that you give us the power 
to study this question and its effect on vegetation and plant life, 1 hope 
you will do so. It is a great question. It is the most important ques- 
tion pending as a scientific and practical question. I have merely 
spoken of it because Colonel Hinton has referred to it. 

Years ago I was very much interested in Colonel Hinton's Report on 
Irrigation. We had no information except what his report furnished to 
us. So I wrote a letter to you, asking that in some way or other that 
report might be incorporated into the report of this committee in some 
shape, modified as it might be. It is full of instruction generally. 

That is all I have to say this morning, except to add that I would like 
to be permitted to have some papers filed. 

I would also like to have Professor Fernow make a statement on the 
subject of forests. I should also like to have Doctor Merriam talk a 
little to the committee on ornithology and mammalogy — on the ques- 
tion of what effect irrigation will have on animal life and bird life — 
what new animals will probably be brought in or old ones driven out 
by irrigation. I do not ask that he be heard to-day, but at any time at 
your leisure. 

Doctor Riley made a very important report on the influence of irriga- 
tion on vegetation and on Rocky Mountain life. I will present that 
also. 

STATEMENT OF B. E. FEENOW. CHIEF OF THE FOBESTET 

DIVISION. 

Mr. Chairman and gentlemen of the committee, you are discussing 
here a question of the building of a stable, and my subject has only to 
do with the feeding of the horse. That question you have overlooked. 
It is a question it seems to me of considerable importance, and,* although 
apparently subsequent to the building of the stable, I think it will be 
desirable to take it into consideration, as it will become absolutely nec- 
essary to feed the horse when you have him. 

I do not want to go into any discussion of the relation of the forests 
to water supply, but the practical question whether it has any influ- 
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ence or not has been called into doubt. The intelligent and practical 
man who does not wish to listen to arguments on the subject can go and 
see what other nations have done. France, Italy, Germany, Austria, 
all have done something for irrigation. The people of France have ex- 
pended $50,000,000 for reforesting their country, for water supplies, 
and propose to expend $50,000,000 more. They expend it on a very 
small part of their territory — ^the southeastern mountains only. The 
effect of the work that they have done has shown that it was the, proper 
work. 

I call the attention of the committee to the facjb that this work is 
being done, because propositions have been ventilated as to the desir- 
able effect of getting rid of the forest area which the United States pos- 
sesses. Italy, a small and poor country, has found out that 1,000,000 
acres of their mountain districts must be reforested, and in their 
budget will appear $1,000,000 for their forests alone. Austria has 
found out that a portion of her territory must be reforested. Prussia, 
with a very good forestry department and area, expends $250,000 every 
year to rebuy the waste lands which must be reforested. All those 
countries are spending these large amounts of money through their for- 
estry administration. France appropriates $5,000,000 a year for the 
forestry administration. Prussia appropriates $6,000,000 a year for the 
same purpose. I call attention to this only to show that these nations 
that are poor and must look after every penny, having no surplus to 
expend, expend this money because they deem it absolutely necessary. 
The United States has 70,000,000 acres of forest. They pay no atten- 
tion to it. It is being devastated and burned up. That is the only 
point I was anxious to make before the committee. 

But with regard to the feeding of the horse. I believe it is now well 
established that it is not so much a deficiency of rain-fall in the arid 
region or so much a deficiency of water supply as it is the difficulty as 
to the amount of water that is being lost by evaporation. In Denver 
there are 69 inches of evaporation and 49 inches of deficiency. That is 
about the way it is throughout the whole arid region. The questiou 
then is, when you have the stable and the horse, where will the feed 
come from. Anything that will decrease evaporation is of importance 
And it is important that it should be attended to now, while it is pos- 
sible to preserve that which Will decrease evaporation — namely, our 
forests. 

In order to aid in looking after those in the broader areas you should 
have timber belts all through your arid region to help irrigation. 

The Chairman. The great problem now is to reserve the timber belts 
that we have and to preserve them from the dreadful destruction by 
fires to which they are subject each year. The fires in summer make 
alarming havoc in the forests. This committee rode from the Yellow- 
stone, where we struck the mountains, in Montana, to Tacoma, through 
so thick a smoke, for 1,000 miles, that we could not see a mountain on 
either side. Have you anything practical to suggest as to how, before 
the country gets settled up, and gets it under control, as they do iu 
older countries, to check those forest fires ? Have you studied that 
question 1 

Mr. Fernow. Yes. 

The Chairman. Have you mentioned it in your report ? 

Mr. Feenow^. I have done so in various reports, though I do not 
think I have done it in this report. It can be done, however. It is 
only a matter of good-will. It has been said that it could not be done 
on account of the expense. We have the money and we have the peo- 
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pie. It is a very easy thing in mountain regions to control a large area 
with a small force, even against fires. It would be easy to use fire for 
the purpose of checking fire. By burning over some parts at the proper 
time, taking proper pains to have guards established in certain belts, 
whenever a fire should break out — and it will be impossible to prevent 
it — there should be a possibility of controlling it. At present it is a lack 
of possibility of controlling these fires that makes them so detrimental 
and makes them sweep over so large an area. 

The forestry people have proposed for Canada a system of guards — 
a body of Government servants. The Government of Ontario has 
adopted the proposition — has appointed certain forest guards, whose 
duty it shall be to look through the country, each guard having his 
beat and putting out any fires that maj^ be detected, the Government 
acting in co-operation with the lumbermen. One-half of the expense is 
borne by the lumbermen and the other half by the Government. The 
appointment of the men is made by the Government on the nomination 
of the lumbermen. The Government in Canada owns the forest area 
and only leases out the right to cut the timber. 

Mr. Fernow submitted the following paper : 

Department of Agriculture. 

Forestry Division. 
Waahingtonj D, C, June 30, 1889. 

Sir : In obedience to your letter of April 21, referring to a request of the chairman 
of the Senate Committee on Irrigation, I have the honor of submitting the following 
report on those points of the inquiry which fall more more or less directly under the 
observation of this division, namely, in answer to the following proposed questions : 

(5) The area of timber land within the dry section of the United States, west of the 
hundredth meridian. 

(6) The extent and effects of tree planting. 

(7) The influences of forests and forest culture on the conservation of water and 
their known or probable effects on the distribution of the water for irrigation pur- 
poses. 

The time which conld be devoted to the preparation of this report having been ex- 
ceedingly brief, not much new material could be brought together, and the report is, 
therefore, mainly a condensed restatement of what has been discussed before in vari- 
ous reports from this division. In fact, the statistical material on hand for the an- 
swer of these questions is only meager and does not allow much direct and positive 
statements, which may cover the ground in all cases, nor could* I attempt to use the 
material on hand exhaustively without unduly lengthening the report. Most of the 
report is therefore devoted to the general discussion of the relation of irrigation 
schemes to fores conditions, and to a statement, as concise as possible, of what is 
known of the influence which the forest exerts upon water conditions. 

In the form of appendices I have tried to furnish more special answer to the ques- 
tions propounded and information which leads to their answer. 

I append, also, as containing information directly bearing upon the subject of this 
report, Bulletin No. 2 from this division, which gives detailed information on the 
forest conditions of the Rocky Mountains, and a copy of my Annual Keport for 18^8, 
which discusses at length one of the claimed forest influences, namely rain-fall. 

Through the courtesy of Mr. Abbot Kinney, late chairman of the California State 
Board of Forestry, I am enabled to append a clear and concise statement of the forest 
conditions and forest influences experienced in southern California. Thanks are also 
due for statements received from Col. E. T. Ensign, Forest Commissioner of Colo- 
rado; and G. C. Bracket, secretary of the State Horticultural Society, Kansas; and 
from Prof. Mark W. Harrington, of Ann Arbor, well known as authority in meteoro- 
logical questions. 

It is to be hoped that the subject of the relation of forests to water supply, as yet 
bnt little understood in our country, will receive the attention which its importance 
in connection with irrigation problems deserves, and that this division will be enabled 
to make a more caret nl survey of the forest conditions of the region and their relation 
to water supplies than has been possible with the limited means at its disposal, 
Kespectfnlly, ^ 

B. E. Fernow, 
Chief of Forestry Divieion, 

Hon. Edwin Willbts, 

AB^Utant Secretary* 
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THB RELATION OF IRRIGATION PROBLEMS TO FOREST CONDI- 
TIONS. 



By B. E. Fkrnow. 

The following report has been written under a fall realization of the importance 
which the discnssion on the relation of forest-cover to water conditions mast assume 
at the present juncture. 

The importance and magnitude of the investigations into the problem of irrigation 
for the Western arid regions can not be overrated ; it may be likened to the discoTery 
of a new continent, not by a lucky adventure, but by knowledge, skill, science, and 
art. 

In ^uch an enterprise every factor bearing upon the problem must be carefully con- 
sidered, every means which may help to increase and properly utilize the scanty sup- 
ply of moisture must be employed, if we expect to produce the highest attainable re- 
sult, if we intend to bring the largest possible area into fruitful condition. 

The main question of the problem is, by what means can the precipitation falling 
over the area comprised in the arid region be made to do the most duty f And the 
special proposition to be discussed in the following report is whether, in what man- 
ner, and to what extent a forest cover may be expected to assist in the thorough 
utilization of the precipitation and atmospheric humidity for agricultural purposes; 
although, in the consideration of a great national enterprise which like the one pro- 
posed is to promote the development of a poorly timbered or treeless country, the 
significance of the forest in all directions, a^ a source of raw material, of health, of 
comfort, etc., should also find proper recognition. 

The relations of water conditions of the earth and Tegetation in general is graph- 
ically expressed in the words of a poet who speaks of '^ Afric's arid sand where noth- 
ing grows, because it does not rain ; and where no rain does fall, because there noth- 
ing grows." 

This interdependence of vegetation and moisture conditions has been experim6n^ 
ally proved ; ii is only an apparent paradox when we say that the presence of vege- 
tation is at the same time a necessary condition of its existence. 

This is especially true of the forests. The forest, by its growth, creates its own 
favorable conditions of growth. The treelessness of the plains and of much of the 
arid region may possibly explain itself in this way. By the destruction of the forest 
which originally covered this region, the very condition of its existence and of its 
natural recnperation was destroyed; and thus in a reverse manner, reforestation of 
parts by artificial means may make natural reforestation over the whole area possi- 
ble by and by. 

*' A tree by itself is doomed where a forest once established is comparatiTely se- 
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cure. 

The failures in forest culture on the Western plains may be considered mainly dae 
to the fact that tree-planting and not forest planting has been attempted. 

The discussion of forest inluences has, unfortunately, become a popular one, before 
a proper and positive basis has been established for it by scientific investigation and 
observation. This is unfortunate, because the consequence has been that extrava- 
gant claims have been made by popular writers without proper basis, and, on the 
other hand, the overstatements have created a distrust in the offices claimed for the 
forest, even in the minds of some scientific men. The very popularity of the theory 
of forest influences seems to be sufficient reason for these to deny and scorn their ex- 
istence. A competent writer, presenting a popular treatise on this subject, says, with 
proper emphasis, '' Nobody is entitled, at the present stage of our knowledge, to de- 
clare the question of forest and water settled one way or the other. Nobody who has 
not the fundamental knowledge of meteorological science and scientific observation 
is entitled to participate in the discussion, aud the public at large, especially, can only 
be called upon to study and reflect, but not to take sides in blind partisanship." 

Unfortunately, again we are called upon to act upon the strength of our convic- 
tions in this question ; we are called upon to conserve, perpetuate, and husband care- 
fully our remaining woodlands, on account of their influence upon climate, soil, and 
water conditions j or else to disregard this claimed influence. 

Those who doubt the existence of such influences — some of which are proved be- 
yond doubt — should not forget that the first conception and rational explanation of 
the existence of forest influences originated with the profoundest student of nature 
that this century has produced — Alexander von Humboldt — and such able observers 
as Buflbn, Boussingault, and Becquerel sided with him; and in our own country the 
ablest writer on the subject, George P. Marsh. Let them also consider that forest de- 
etruction is the easily and readily accomplished task and is the tendency of mankind, 
while forest conservation is possible only to the rationaUy-thinking^ the ciTilized, 
-ogressive man. 



THE VALUE OF WIND-BREAKS ON EVAPORATION. 113 

It is, therefore, at present, still tlie duty of a government to give preponderance to 
the weight of opinion on the positive side, which seems well supported hy experience 
as well as argument, and to shape its policy accordingly. 

Considering the relation of forest conditions and irrigation prohlems with reference 
to the special case of the arid regions of the West, the writer, alter much study and 
a hurried and partial inspection of the ground, feels justified in stating hriefly and 
boldly, without being able to argue them at length, the following conclusions : 

(1) Reforestation on the plains and forest preservation on the mountains is of greater 
national concern than the location of irrigation reservoirs. 

(2) While the location, construction, and systematic regulation of such reservoirs, 
under Government control is, under given conditions, feasible and desirable, their 
purpose will be better subserved, if, at the same time, attention be given to forestry 
in connection with the irrigation systems. 

(3) While forest preservation and extensive reforestation not onl^ are coadjutators 
of irrigation system, but supply in part the conditions which irrigation and reser- 
voirs are designed to accomplish, neither the one nor the other will invite private en- 
terprise, at least for a long time to come ; on the other hand, the location of irriga- 
tion reservoirs and ditches has been and will be, as need arises, accomplished by pri- 
vate enterprise. This statement is made without disparaging any attempts on the 
part of the Government to assist such private enterprise and to give it systematic 
direction. 

(4) Certain difficulties and dangers which attend the construction of reservoirs will 
be increased by continued forest destruction in the mountains, induced by the neg- 
lect on the part of the Government to rationally administer this valuable property of 
the nation ; and these dangers and difficulties will be avoided or reduced by a national 
forest administration and reforestation. 

Such conclusions are based mainly on the assumption that a forest cover exerts 
certain influences which affect conditions of water supply and other climatic condi- 
tions. 

When considering these influences, especially with reference to agricultural pur- 
snits, it is a mistake to discuss them separately, since vegetation does not depend on 
any one factor of climate, but is rather the balancing of several factors which pro- 
duces favorable conditions of growth. Vegetation does not, as is so often stated, de- 
pend on rain-fall— certainly not on the mean annual rain-fall — but on conditions of 
atmospheric as well as soil humidity and conditions of transpiration and evaporation 
respectively. 

The simple mechanical impediment, then — a timber-belt or even a single row of 
trees opposed to the progress of a drying wind — ^is sufficient to affect the crop under 
the shelter of a windbreak, lowering the rate of evaporation and transpiration. 

Therefore agriculturists in regions with plenty of rain-fall yet And it advfiintageons 
to have recourse to irrigation in order to supply the exhaustion by rapid evaporation 
and transpiration. The wonderful growth of the Sequoias on the Pacific coast and 
Sierra Nevada finds certainly not its explanation in the amount of rain-fall, which in 
the former locality is less than on the Atlantic side, and occurs nearly all in wmter 
with hardly any in summer. But the mists and fogs coming from the ocean reduce 
the rate of evaporation and help to economize the moisture of the soil during the long 
period of vegetation. One of the most important studies in connection with irriga- 
tion problems will be that of the rate of evaporation and of the influences promoting 
or retarding it. 

In this direction hardly any data are as yet collected, and we can hardly anticipate 
how much a single ** chinook" of twenty-four hours' duration may waste the water 
of a reservoir or dissipate the snow which lacks the protective forest cover. 

If, as is claimed, there has been observed in the plains region any effect of tree- 
planting on water-supply, it is most likely this mechanical effect which the timber- 
belt or wind-break exerts, alio siring a better utilization of the moisture by the crops. 
At fir^ si^ht this mechanical shelter may appear of too restricted a character to de- 
serve notice, yet many facts concur in showing that it is a most important element 
in local climate. According to Becqnerel, a simple hedge 6 feet in height will give pro- 
tection for a distance of 70 feet ; and, according to Hardy, a belt of trees every 300 feet 
will defend vegetation against the action of the wind. Every traveler in the prairie 
will have experienced the calm which a small growth of shrubs not higher than 6 feet 
creates, while the wind is blowing many miles an hour outside of this shelter. Quite 
a number of instances can be cited where the crop thus protected had outlived the 
parching blast from the South, while the neighboring field was destroyed by the rapid 
evaporation. In fact, this influence of a wind-break as a mechanical barrier to the 
progress of winds is so well understood that it requires no discussion, no argument. 

That a timber-belt, and more so a succession of timber-belts, will afford so much bet- 
terprotection is evident. 

Xhus, if no other influence were conceded to the forest in the pli^ns, this <me^ 

138 A J/— vol. IV 8 



114 



IRRIGATION AND RECLAMATION OF ARID LANDS. 



which tends to coneeTve the moisture within the range of its protection, wonld make 
systematic forest plantations a most desirahle adjunct to irrigation systems. 

Summer and winter dronght, t. e,f rapid eyaporation, isthehane of the fanner in the 
plaiDs; and this is due to the continuons dry winds, which can he checked by ra- 
tionally disposed timber-belts. 

Another merely mechanical influence which needs no argument or discussion with 
the observer of natural phenomena, is that which the forest cover on the mountain- 
Hides exerts in retarding the melting of the snow and the drainage of the water, thus 
prolonging the period during which the same may be made available. Complaints 
that the snows do not lie as long Into the summer as they used to, before the forest- 
cover was removed, may be heard all along the eastern Colorado Slope, where irrigation 
has been practised in the most rational manner and the waterflow the best observed. 
By the rapidity with which the water now flows off the bared mountains the effect- 
iveness of the ditches is reduced by four to six weeks, there being an accnmulation 
of flow at a time when it can not all be utilized and a dearth later on when it coald 
well be used. 

Some one, evidently but little conversant with the economies of nature, has sug- 
gested that in connection with the reservoir system it would be desirable to remove 
the forest cover, so that the snows may drift into the cafions, there to slowly give np 
their waters to reservoirs and ditches. Even if the favorable results thus anticipated 
could be reasonably expected to follow, the dangers invited by this method of storaf^ 
are simply incalculable. These have been over and over again, and ad nauseam pointed 
out in various reports, and the consequences of deforestation have so palpably been 
experienced by European countries not only, but even in our own, that it seems a 
waste of energy to rehearse them again. They are briefly the following : First, more 
rapid melting of the snows, especially under the marvelously exhausting influence 
of a ^' Chinook;" secondly, the more rapid flow of snrface waters, which carries with 
them the thin mold and earth, gradually baring the rock and ending up in the cre- 
ation of destructive torrents, which in France have carried debris over fertile lands 
ir)0 to 200 miles into the plain, to correct which an expenditure of more than $50,000- 
000 ha« been necessary. By the destruction of the natural storage which the forest 
offers ^or snows and rains, giving up their waters gradually and for a longer period, 
we invite floods and droughts alternately. 

The conditions, in the Rocky Mountains at least, are quite similar to those of the 
French Alps, and, in fact, the experiences, although only limited on account of the 
undeveloped state of their territory, have been quite similar, especially around 
Greeley and Colorado Springs. Among the dangers and difficulties which attend the 
construction and maintenance of reservoirs are, in the first place, their incapacity of 
taking care of flood waters and their liability to unforeseen bursting. In regard to 
both these points I call attention to the experiences of French engineers, related in 
the ** Annales des Pouts et Chauss^^es, '' some of which are also given in Greorge t*. 
Marsh's classical volume, '^ The Earth as modified by Man." These dangers are 
particularly increased by the conditions of rain-fall in the region under discussion, 
the rains being occasionally very heavy and in the nature of cloud-bursts. Professor 
Harrington reports one such cloud-burst which resulted in a flood, carrying away 
miles of railroad track on the level at the base with such violence that the rails were 
bent. The recent experiences in Pennsylvania, Virginia, and other parts of the 
country will serve as testimony of the force of such water accumulation. 

The reservoirs must be built on such contingencies, and a study of the clotid-bursts 
in the irrigation area is therefore highly desirable, especially as they are not as yet 
matters of regular record. That cloud-bursts, like all violent exhibitions of meteoro- 
logical phenomena, seem to occur more often in large unwooded areas, may also 
point again to the employment of reforestation, as a preliminary or concomitant of 
the construction of irrigation reservoirs in the prairies and plains, as a measare of 
protection. 

The following passages from good authorities exhibit pretty well the relation of 
forest cover to irrigation problems. 

Mr. Hubert Vischer, engineer to the State Forestry Board of California, uses the 
following language in his report to the board : 

'* The agricultural development of the uplands of the coast range — and there is 
little else but uplands-— will be as dependent upon irrigation in time as are the lands 
of the southern portion of the State now. 

" Referring to our notes upon the general hydrographic conditions of the range, it 
may be inquired how water can be procured f The location of the main streams 
being depressed and their grade slight, to bring water upon uplands would imply 
outlays which the value of the lands will never warrant. Storage of water in the 
tributary streams and gulches can not succeed, owing to the precipitous slope of their 
channels and the consequent lack of storasce depth. Storage of water upon higher- 
lying lands may, in special cases, succeed, but generally will be unfeasible, as the 
arable lands which it is sought to water are themselves in most cases situated at 
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considerable elevations. Wells and the development of springs will be found, like 
the last expedient) only applicable in exceptional cases. 

*'0f all the means of storing water only one remains ^nature's own means. It is^ 
only necessary to prolong the flow of natural channels for a short period — a month or 
a fortnight would often suffice — and to accomplish this is within the power of being 
effected by stimulating tree growth upon very limited area of ground, especially if 
due regard be had for impounding snow where practicable ;" and Mr. E, S. Nettleton, 
former State engineer of Colorado, says in regard to forest conditions and water 
supply: **The fact that our system of farming has changed within the ^ast few 
years by substituting for the summer crops those which require water earlier in the 
spring and later in the fall, makes it more important than ever to secure as uniform 
a flow of water in our irrigation streams as is x>086ible to do throughout the whole 
irrigating season. 

** To accomplish this end, I call your attention, first, to the importance' of the pxes* 
ervation of our mountain forests, and the recovering of the mountain districts with 
a new growth of timber. The details of how this work is to be accomplished, and the 
arguments proving the benefits to be derived therefrom, I will leave for abler ones to 
discuss. . I take it for granted that some will say, ' This forestry subject is one of the 
future ; we want something of immediate benefit and relief.' While this may be true 
in part, yet the protection and preservation of the mountain forest of the present day 
is an immediate necessity, if we desire to protect our streams from an intermittent 
and diminished flow. 

'* Neglecting to take steps toward preserving the forests and encouraging the re- 
covering of the mountain sides with timber, because we can not see immediate and 
protltable returns, is no good excuse. 

^' We should do this much for the benefit of those who are to follow us, and who 
will make this country equal at least to any of the irrigated countries in olden times, 
which history tells us have supported a much denser population than is possible to 
support in a country where the people have to depend on rain-fall for a more or less 
successful agricultural industry." 

Another important influence of the forest, in connection with irrigation problems, 
is its tendency to raise the water-level in its immediate neighborhood ; a well estab- 
lished fact. 

The forest influences, which may reasonably be claimed to exist, have been jiisonssed 
in my report for 1886, which is herewith appended. Such forest influences are claimed 
to exist in the following directions: 

(1) On sanitary conditions. 

(2) On local climate. 

(a) On temperature conditions. 

Cb) On humidity of atmosphere.* 

(o) On distribution of rain-fall in time, and, locally perhaps, on quantity. 

(3) On soil conditions, on water-level, and on water-flow. 

The qnejstion of forest influence on the amount of rain-fall has been discussed at 
length in my report for 1887 also appended ; from which it will appear that there 
are no data as yet on hand upon which the questions may be even qualitatively settled. 

There Is one point to which the writer would call special attention and which has 
too often been lost sight of when discussing the influence of the forest on climatic 
conditions, namely, that the condition of the forest itself plays a very important part 
ill determining its influence. Such conditions are given in the extent, the density, 
tlie position, the composition of the forest and the age or height of the tree. 

It has been very generally overlooked that these conditions of the forest are of 
greatest moment and may alter .absolutely the nature of the influence, so that the 
exact opposite of the expected influence may become apparent; when, for instance, 
a forest on the leeward of a water surface deprives the open land beyond of the ben- 
efit uf this water surface. 

The influences exerted by the forest can, almost all, be referred to the mechanical 
barrier which it interposes either horizontally or vertically to the action of the sun or 
the winds, or to the percolation of water ; hence the nature of this barrier, its extent, 
d<*n8ity, and continuity must needs determine the nature of its influence. 

In conclusion, the writer deems it proper in this place to call attention to the cul- 
pable ignorance of the bearing which the forests of the Kocky Mountains and Cali- 
fornia have upon the water supplies and irrigatiou problems, as exhibited in the 
management or rather absence of management of the same on the part of theGk>vem- 

"Definite statements of the observed influence of deforestation on the conditions of 
atmospheric humidity will be found in the report of Hubert Vischer to the California 
State Board of Forestry, where the effect of the removal of the redwood forests 
around Humboldt Bay is noted. This report deserves special attention, for the clear 
and business-like manner in which it treats of the present conditions and future of 
the north Califomla forests and their relation to the dovelopmeut of the country. 
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ment. This miLtt«r lute fonned the bftsis of tbe appended report on the forest cundi- 
tioDB of the Knukf Mountains, when the deplorable state of nffairs has been set forth 
in nnequi vocal laaguage. 

It vroold bo ladeea a most iirational prooeediog to promote the eatabliahment of 
irrigation rettervoirB, withoat at the same time arresting the irrational forest destroe- 
tion wbiuh U iu vited by the neglect of OoTernment to admiutster its property ratioa- 
ally. 



Appendix A. 



climatically, and the diatribalion of forest areas is aooordingly a 

■various regioiiH. 

PLAINS KIOtOIT. 

The plains region, which may be said in general, to comprise the area east of tbe 
7,000-foot level, iR practically without timber lands ; the only trees are fonad lining 
the banks of the larger streams, sometimes in clumps or even craves of from 100 feet 
to one-half ^t mile in width, the species fonnd belonging to tne Atlantic forest and 
oonsisliDg niainlj' of ootton-wood, elm, green ash, box-elder, bacliberry. Going we«t- 
ward oven these fringes of trees cease and the ojily occasional trees seen are cotton- 

This timberlesa r^ion may be astimsted at. roiighly, 400,000 sqaare miles. 

The only ini>imtain islands within this region, whioh are forested, are the Black 
Hills in Dakota and Wyoming, with abont ^2,A0O sqnaie miles more or less wooded, 
and some of the monntain ranges in sontheastern New Mexico of similar extent. 

Altogether it would be difQonlt to find as much as S per cent, within this vast area 
that shows what may be fairly called a timber growth. 

ROCKT MOUNTAIN REGION. 

The area of the Bochy Mountain region proper has been carefully canvassed and 
set forth in the accompanying report on the forest conditions of the Rocky Momttains. 

From the iliita given in the report, the following table is constrnoted, which ap- 
proximates the ratio of monntain land and plains und gives the forest area which is 
found in the rit<;iou by counties. Prom this we tind, that ol tlie 369,801 square miles 
which fall within tbe mountain region proper, 22.^perceut. is reported as tinkbered, 
represeuting 60,0T5 square miles (38,400,000 acres). 

MONTANA, 



Counties. 


i«. 


Hoant^. 


FUlDiL 


fcirart. 


Honnttin 
rorest. 




2.700 
6.«00 

Is 

5. TOP 

"■a 


3,8W 




1,100 
ZOO 

aw 
**oo 

l.«00 

J: 

700 






2,700 


















6,000 

i^ioo 

3.300 

11 






7, MO 
















1,000 




Mfldlson 

i^^x 




2. TOO 


1.1W 




"It 










4,000 










14S,7T« 


Si,T78 


91.000 


2«,MS 









Hoonlalo fomBt, 24,U()=t6. 4 per «e 
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COLORADO. 



Counties. 



Arapahoe 

Arcbuleta 

Benli 

Bonlder 

Chaffee 

Clear Creek 

Conejos 

Costilla 

Caster 

Delta 

Dolores 

Donelas 

Eagle 

Elbert 

El Paso 

Fremont 

Garfield 

Gilpin 

Grand 

Gunnison 

fiinsdale 

Huerfano 

Jefferson 

Lake 

La Plata 

Larimer 

Las Animas 

Logan 

Mesa 

Montrose 

Oaray 

Park 

Pitkin 

Pueblo 

Rio Grande 

Routt « 

Saguache 

San Juan 

San Miguel 

Summit 

Washington 

Welu.: 

Total 



Area. 



8q. m,Ue9. 
4,700 
1,026 
9,070 
768 
900 
450 
1,320 
1,450 
750 
3,150 
800 
850 
1,750 
6,800 
2,650 
1,450 
7,250 
140 
1,800 
4,000 
1,440 
1.160 
760 
420 
4,000 
4,000 
6,500 
8,000 
3,850 
2,040 
190 
2,000 
1,090 
2,350 
1,300 
6,200 
3,150 
450 
1,375 
750 
2,220 
5,300 



100,200 



Mountain. 



1,026 



768 

000 

450 

1, 320 

1,450 

750 

760 

800 

850 

1,760 



1,300 

1,450 

7,250 

140 

1,800 

4,000 

1,440 

1,160 

760 

420 

4,000 

4,000 



3,850 
2,040 

190 
21,000 
1,090 
1,200 
1,300 
6,200 
3,150 

450 
1,375 

750 



61, 129 



Plains. 



4,700 

'o.'oio" 



5,800 
1,350 



6,500 
3,000 



1,150 



2,220 
5,300 



39,070 



Total 
forest. 



450 



275 
500 
200 
300 
450 
200 
500 
150 
300 
300 
100 
500 
450 
800 
50 
700 

1,200 
450 
250 
175 
200 

1,500 
700 
500 



275 
640 
110 
600 
540 
126 
275 
1,050 
1,175 
100 
260 
275 



16, 625 



Mountain 
forest.^ 



450 



275 
500 
200 
300 
450 
200 
500 
150 
300 
300 



450 

800 

50 

700 

1,200 
450 
250 
175 
200 

1,500 
700 



275 
640 
110 
600 
540 



276 
1,060 
1,175 
100 
260 
276 



15,400 



Mountain forest, ]5,400b=25 per cent. 



WYOMING. 



Albany 

Carbon , 

Crook 

Fremont 

Johnson 

Laramie 

Sweetwater 

Uinta 

Tellowstone Park 

Total 



6,022 
13,526 
10,709 
20,967 
11, 121 
11,200 
10,550 
12,140 

3,259 



100, 366 



6,922 
13, 526 



20, 957 
11, 121 



10,550 

12, 140 

3,260 



78,466 



10,709 



11,200 



21.900 



840 

1,360 

400 

3,300 

1,800 

80 

40 

2,400 

1,840 



12,060 



840 
1,360 



3,300 
1,80b 



40 
2,400 
1,840 



11,680 



Mountain forest, 11,580=14 8 per cent. 



NEW MEXICO. 



Bernalillo . 

Colfax 

Dona Ana., 

Grant 

Lincoln 

Mora 

Rio Arriba. 
San Juan.. 
San Miguel 
SanUF6.. 

Sierra. 

Socorro.... 

Taos 

Valencia... 

Totol 



8,360 

7,000 

10,260 

10,090 

24,450 

3,830 

7,500 

7,200 

11,630 

2,490 

3,200 

16.500 

2,300 

7,700 



122,500 



8,350 



10,260 
10,090 



7,500 
7,200 



2,490 
3,200 
16,500 
2,300 
7,700 



75, 510 



7,000 



24,450 
3,830 



11,630 



46,990 



1,450 

1,275 

75 

800 

920 

720 

175 

250 

1,300 

1.375 

250 

2,050 

900 

960 



12,600 



1,450 



75 
800 



175 
260 



1,375 
250 

2,050 
900 
060 



8,285 



Moontaln forest, 8^28&=3ll per cent. 
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SUMKABY. 



Total area 

Total monntaiiiarea.. 

Total plains area 

Total forest 

Total mountain forest 



Square 
miles. 



468,851 

260,881 

198,970 

65,470 

60,075 



Agtos. 



800.061,6(0 

172, 723, 8« 

127, 340, 8M 

41,900.S» 

38,448,00( 



Mountain forest equals 22.23 per cent, of total mountain area. 
Mountain forest equals 02 per cent of total forest. 

INTSRIOR BASIN. 

The area of timber land iu the States which partly make up the Interior Basin is 
approximately as follows ,: 

Washington, — ^Total foreist area estimated at 30,000 sqaare miles. The bnlk of this 
lies in the eastern part of the State west of the Cascade Range. The counties which 
may be referred to as parts of the arid region, the timber land in which is confined 
to the spurs and ridges and to the east slope of the Cascade Bange and to the Blae 
Mountains, namely, Spokane, Whitman, Walla Walla, Columbia, Yakima, Klick- 
itat, contain approximately 6,500 square miles or 23 per cent, of their area more or 
less forested. The interior, however, is entirely destitute of tree growth, the few 
trees along the rivers havine mostly been cut. The yellow or ball pine is the main 
. timber, with red fir, hemlock, spruces, and other conifers added on the better sitee. 

Oregon. — The total timbered area of the State is estimated at 30,000 square miles, 
confined mainly to the Western mountain ranges and the Blue Mountains in the 
northeastern part of the State. 

The counties which fall within the dry section, namely, Umatilla, Union, Grant, 
Wasco, Lake, and Baker, a total area of round 63,000 square miles, have about 
12,000 square miles timbered, or less than 20 percent. Yet, with the exception of the 
forests of Wasco and Lake Counties on the eastern slypes of the Cascades, the timber 
growth is mostly open and scattered^ even on the Blue Mountains, and the trees ol 
stunted growth. Yellow pine, red fir, and larch are the principal trees, with lodge- 
pole pine on summits. 

Idaho. — With the exception of four counties — Kootenai, Lemhi, Nez Purees, and 
Shoshone — which belong to the Bocky Mountain region proper, or are otherwise cli- 
matically outside of the dry region, the rest of the State, with over 69,000 square 
miles, may be considered part of the Interior Basin. This part contains of timbered 
land an estimated area of 9,140 square miles, or about 13 per cent. The bnlk of this 
lies north of the Snake Biver ; the counties south of this rivet may be said to be al- 
most timberless, containing less than 1 per cent, of forest area in confined localities 
and of scattered growth. 

Utah. — The area west of the Wahsatch Bange with round 30,000,000 sqaare miles 
may properly be considered as part of the Interior Basin and counted practically 
timberless, excepting a few mountain ridges which bear a stunted growth of juniper 
and pifion in their recesses. The forest area of the State which is found in the mount- 
ain ranges and on the high plateaus extending in a southwesterly direction, is esti- 
mated at 6,000 square miles, or less than 12 per cent, of the area within which it is 
found, the timber being found of inferior size and quantity and mostly confined to 
the canons. The Colorado Biver plateau is for the most part untimbered. 

Arizona. — The total forest area is estimated at round 15,000 square miles, or less 
than 14 per cent., and is confined to the high Colorado plateau above the 7,000-foo; 
level, where a considerable body of continuous though open timber growth is found, 
and to the mountain ranges in the southeast. Along the streams and ca&ons are also 
found scattered deciduous trees. The yellow pine is the most valuable timber tree. 
The southern part shows in its tree growth Mexican types like the acacias, mesqnite^ 
and others. A scrubby growth of oaks and junipers furnishes needful fuel for domes- 
tic use and in mining operations. 

Nevada. — This State, as a whole, is treeless, the most barren and naked in thr 
whole region, with less than 3 per cent, or only 3,000 square miles bearing a timber 

frowth, and that of little account, except around Lake Tahoe, where it has been, 
owever, largely cut. In other parts the tree growth is confined to the recesses of 
the mountain ridges in the central and southern portions of the State, consisting of 
a stunted growth of Finns flexilis (white pine), scrubby piilon on the lower slopes 
mountain mahogany, and occasional junipers. 

Calif oniia occupies part of the Interior Basin, with portions of all the connties 
which cross the Sierra Nevada and which mostly also rorm part of the Sacramento 
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and San Joaqnin Valleys. A separation of the area of timber land which occupies 
the region under discassion from that on the Coast Ranges and Sierras^ is well-nigh 
impossible. 

The sonthem coanties of California soath of the interior valleys, with about 50,000 
sqnare miles, are estimated to have 1,000 square miles timbered, occupying the 
cafions and the tops of mountain ranges above 3,000 feet. The area absolutely or 
nearly timberless east of the Sierra may be calculated at about 23,000 sqnare miles, 
of which perhaps 2 per cent, has a timber growth on the mountain ridges and slopes. 
The interior valleys, comprising a total area of about 34,000 square miles are more or 
less timbered ; 4,000 to 5,000 miles may be estimated as entirely destitute of timber, 
and 15 per cent, of the balance — or 4,500 square miles — may be considered well tim- 
bered, while an open growth of oak of little value is found to cover, more or less, 
all the land that is not cleared. 

There are, however, no data on hand which allow even a reliable estimate of these 
conditions. The map of the State Forestry Board of California, which promises to 
analyze the forest areas, is not yet available for this report. 



Appendix B. 
the extent and effects of tree planting in the bby region. 

Forest planting, or rather tree planting — for the planting is as yet hardly anywhere _. 

done in such a manner as to deserve the name of forest planting — has been practiced {« 

to a limited extent ; enough, however, to show that it can be done, with or without 
irrigation, if properly attended to. The twenty-five counties of Kansas which are 
entirely and seven more which are partly within this region, report 39,810 acres of 
timber trees, seedlings, and older plants, growing in 1888. Most of this is cotton- 
wood, walnut, honey locust, green ash, box-elder, elm, hackberry, catalpa, mulberry, 
Osage orange, and some few other varieties ; all of the Atlantic forest trees have been 
grown successfully. Some successful tree planting has also been done without irri- 
gation in Colorado and Nebraska west of the one hundredth meridian, but its extent 
is not known. A small amount of timber planting has also been done in the region 
of the Interior Basin, and a larger amount in California, where groves of consider- 
able extent are in existence. 

Statistics, from which to estimate the area of artificial timber, are not on handout- 
side of those given for Kansas. A canvass, to ascertain how many plantations over 
5 acres in extent there were in existence, was attempted two years ago, but the re- 
turns give, evidently, no reliable result, and are therefore here omitted. 

It would seem that the entries under the timber-culture act should furnish, at least 
approximately, an idea of the area planted to timber, but since it may be said that 
the majority of these entries have not only changed hands and thus appear in the an- 
nual statement repeatedly, but have also been changed to entries of other kind, no 
rewult can be obtained from the study of these figures. 

The status of timber-claim planting is exhibited in the appended table. From 
this it will appear that 38,985,910 acres were entered under the timber-culture act 
up to June 30, 1888. This should represent a planted area of 2,436,620 acres, if the 
law were complied with and the entries not changed. Allowing ten years for timber- 
claim planters to prove up their entries (the law places it at eight years, allowing 
extensions on account of failures), the entries of the first six years — from 1873 to 1878 
— alone give us some point of comparison for the estimation' of result. During that 
time 4,394,2;'>6 acres were entered, while only 783,838 acres or 17.8 per cent, of these 
entries were proved up, representing an aiea assuredly planted of less than 50,000 
acres. 

I It is asserted that a better percentage will be obtained from the entries of later 
years. Altogether, however, the consensus of unbiased testimony goes to show that 
timber-claim planting, as a rule, does not produce the results songht after and has 
mostly been used as a means for speculation in Government lands. 

There is also considerable planting of wind-breaks and groves done on homesteads, 
which is said to be attended with better results. 

Altogether, however, the amount of tree planting is infinitesimal if compared with 
what is necessary for climatic amelioration, and it may now be recognized as well as 
later, that the reforestation of the plains must be a matter of national enterprise, 
which can not be expected from the individual citizen. 
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Tbe reforestation of I he plains as well as the preservation of the foreata on the 
■Western monntains, ih, iu fact, of greater Datioiml concern, and requires in greater 
degree national action than tbe proposed irrij^iitioa aurvaya. 

As ta the effects of tbe tree-plauting on climatic conditiooa but little can be said, 
and the statements of opiuion which refer any clirnatic changes to this factor maat be 
takyo with oantion. There is, however, one influeuce which can be claimed without 
dispute, that of breaking the force of winds locally and protecting housea and aioKle 
lielda ibatlie within tbe cover of a windbreak or grove against the deleteriona infin- 
ence. I call especial attention to the observations on Ibis point in tbe appended le(- 
t«rof Mi. Kinney. Tbe experience there recorded ia that had in all parts of the re- 
gion, and records are on hand sbowiog the distance to which a windbreak wonid pro- 
tect a field against a burning southweater, while tbe neigliburinj; nnprot«cted field 
would succumb to the bla.'tt. Tbe consequence of this mechanical action of the trees 
wuiild also tend to diminish tbe rate of evaporation. This is probably all the effect 
— and one not to he nnderrated — which is due to the tree-planting in extensive 8helte> 
bi-Atu and occasional small groves. To prodnce considerable changes in temperature 
or increased precipitation, the planting ia done in too small parcels and tbe growth 
not old enough, and is also mostly too open to effect that marked difference of inso- 
lation over the forest and tbe field which makes the former a factor in climatic 
Indueuces. 

To produce great climatic changes the operations must he on a larger scale, more 
contignoua, and with more intent to shade the soil than has been hitherto the 
practice, 

Iu this region ore situated several military reservations, which could be devoted tu 
no better purpose than planting Ihem to forest many sections at a time. Such plant- 
ing; wnuld not only furnish an incentive for imitation by settlers and supply them 
wii)i plant material, it would improve conditions in the immediate neighborhood and 
form a nncleus for the national forest administration, which is now a necessity and 
whose inauguration can only be a question of time. 
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r 4.9percHitufentrie»oflB7». 


18B8 




38,98s, 910 


763,638 nores. 


r 17,8 ppr oent of enlrieB first bIi yen™. 



be made. The i 



3*,S81,«M 

'as the first in which, under the terms of the act, final ^ntry oonld 
iginal act of 1873 required 40 acres of every 160 to be planted with 
12 feet apart each way," By an amendment of 1878, only 10 
required to be 
end of tbe 30-2 
lo be growing 



y 160, and the same" proportion for smalli 
ted, bnt 2,700 trees were requireil to be planted on each acre i 
)r the original aiot ; and on final entry at leant 6?5 thrifty trees w 
lach acre. Tbe amendment was made applicable to all final 
e who bad made entries under the act of 1873 to have 



o of final entry to make the number of acres required by theact of 1878. 
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Original and final entries under the timber-culture laws from 1873 to 1888. 



States. 



Arizona 

Oaliforaia .. 

Colorado 

Dakota 

Idaho 

Iowa , 

Kansas 

Lonisiana — 
Minnesota . . 
Montana...., 
Nebraska... 

Nevada 

New Mexico 

Oregon 

Utah 

Washington 
"Wyoming... 



Total... 



1873. 



Initial. 



329.75 
3,'566.66 



145. 90 
0,642.17 



50,246.04 



1874. 



Initial. 



196. 51 
8,878.06 
2, 272. 24 
124. 997. 29 
180. 83 
3, 816. 05 
282,479.07 



14,710.1d|113,131.63 
2i,'858;07 



312,712.09 



2,482.22 
80.00 



851,225.99 



1876. 



Initial. 



320.10 

29,065.53 

3, 453. 82 

61, 969. 75 

2, .^83. 25 

9, 127. 52 

168, 269. 06 



63, 673. 73 



130, 894. 26 



882.68 



3, 324. 14 
130. 47 



473,694.53 



1876. 



Initial. 



1, 197. 
20,524. 

6, 514. 
119, 835. 

1,973. 

8, 563. 
185, 596. 



15 
23 
22 
23 
89 
42 
43 



140, 126. 30 



106, 499. 74 



1,128.00 
1, 793. 18 

399. 88 
5,374.28 

160. 00 



1877. 



Initial. 



2,440.00 
10, 586. 05 

3,343.33 
68,266.92 

7,035.91 

4, 791. 56 
238,020.44 



76, 021. 53 
398. 59 

90,812.90 
240.00 



2, 609. 37 

338. 50 

19, 746. 75 



1878. 



Initial. 



1, 600. 00 

8, 029. 42 

17,436.73 

579,804.04 

22, 169. 53 

7,535.47 

593, 296. 17 



377, 017. 78 

960.00 

195,306.68 

600. 00 

320. 00 

18,446.21 

1,280.00 

78,237.00 



1879. 



Initial. 



599, 917. 97 524, 551. 85 



1, 902, 038. 03 



3, 

14. 

16, 

728, 

22, 

6, 

1. 167, 

257, 

3, 

465, 

1, 

17, 
o 

-'» 

68, 



280. 00 
458.81 
142. 03 
687. 83 
013. 93 
577.67 
582. 77 
80.43 
642. 50 
134.20 
968.94 
160.00 
891.93 
046.59 
328. 93 
506. 10 



1880. 



Initial. 



2,775,502.66 



719.65 

12, 120. 31 

30, 302. 14 

868,748.39 

23,300.04 

4, 714. 05 

408, 261. 74 

40. 00 

123, 735. 36 

6,835.32 

475,276.87 

560. 00 

2,887.95 

73, 061. 66 

4, 044. 05 

134, 637. 65 

240.00 



2,169,484.18 



States. 



Arizona 

Arkansas... 
Califomia... 

Colorado. 

Dakota 

Florida 

Idaho 

Iowa 

Kansas 

Louisiana . . . 
Minnesota... 

Montana 

Nebraska ... 

Nevada 

New Mexico 

Oregon 

Utah 

Washington. 
Wyoming . . . 
Wisconsin... 



Total. 



1881. 



Initial. 



760.00 



24, 
26, 

868, 



638.28 
473.31 
4<K). 36 



28, 
3, 

268, 
2, 

167, 

16, 
240, 

1. 

V, 

31. 

3, 

77, 



680.26 
644.25 
575. 09 
293.40 
582. 16 
535. 20 
306.94 
040.00 
039. 26 
176. 40 
921. 52 
008.62 
784.30 
40.00 



1882. 



Initial. 



1, 362. 77 



39,882.90 

47,436.05 

,446,532.34 



33, 965. 61 

6, 235. 62 

273,053.55 

1, 004. 02 

176, 741. 42 

35, 409. 94 

298, 520. 11 

1, 620. 00 

3, 351. 99 

88, 038. 77 

3, 831. 71 

87, 524. 76 

2,284.44 



1,763,799.35 2,546,686.09 



Final. 



160. 00 
621. 68 



9,916.62 



2, 998. 50 
9,"975.'42 



1883. 



Initial. 



4,336.85 
160. 00 
44, 190. 05 
58, 685. 02 
1,745,419.56 



40,105. 

3, 373. 

237, 860. 

7, 754. 

122, 7.50. 

5y, 952. 

481, 704. 

280. 

22, 091. 

116, 334. 

7,509. 

139, 737. 

14, 204. 



17 
40 
95 
26 
39 
71 
70 
00 
82 



14 
99 
05 
15 



Final. 



160.00 



14, 96a 12 



2, 165. 33 
24,965.06 



11,495.25 
43,"52i'32 



240.00 



23, 571. 12 3, 110, 930. 23 



320.00 



97, 836. 08 



1884. 



Initial. 



5,483. 

80. 

72, 340. 

137, 933. 

1, 748, 640. 

320. 

56,171. 

3,546. 

397, 525. 

38, 788. 

95, 638. 

63, 283. 

1, 068, 806. 

159. 

17, 945. 

148, 356. 

11, 192. 

173, 142. 

46, 027. 



10 
00 
65 
07 
22 
00 
52 
17 
25 
88 
50 
25 
66 
79 
83 
16 
09 
27 
62 



Final. 



160.00 
160. 00 
21,870.93 



80.00 

2,794.93 

23, 093. 70 

12,324.75 

36,'640.*9i 



4,084,463.8791,699.66 



160.00 
"9i4.*44 



«f«tA|| 


1885. 


1886. 


1887. 


1888. 




Initial. 


Final. 


Initial. 


Final. 


Initial. 


Final. 


Initial. 


Final. 


Arizona .... 


19, 542. 87 

640.00 

94,064.73 

204,983.61 

1,328,966.24 


160.00 


15,772.93 
2, 025. 22 


160.00 


20, 199. 99 

840.00 

165,382.29 

1,437,636.59 

650,420.88 


320. 00 


45, 374. 52 

600.00 

240, 216. 76 

970, 281. 39 

626,629.79 

160. 00 

51,717.37 

4, 946. 80 

689,256.24 

11, 469. 63 

66,622.65 

36,407.68 

660.915.58 

560. 50 

39, 692. 37 

126,979.96 

30, 234. 71 

89,980.09 

53, 260. 16 




A rkanftas . . . 




Califomia .. 


480.00 

240.00 

21,207.06 


155, 674. 29 

719, 947. 95 

1, 116, 250. 72 




40.00 

559. 00 

57,311.41 


49.82 


Colorado ... 

Dakota 

Florida 


480. OU 
39, 591. 67 


760. CO 
29, 096. 36 


Idaho ...... 


48, 266. 01 
3,647.43 

1,169,303.34 
15.598.16 
79,410.47 
41, 207. 88 

1,468,114.28 




49, 959. 92 

2. 869. 03 

1,920,802.22 

9,914.50 

65, 026. 14 

43,031.12 

069, 706. 78 

120. 00 

16, 603. 08 

93,160.05 

25, 632. 56 

85,746.23 

100,107.64 


240.00 

1,014.00 

42,657.93 


38,912.89 

2, 187. 30 

732, 545. 85 

9, 402. 56 

52, 306. 69 

38, 847. 15 

794, 047. 24 

640.00 

23, 695. 75 

93,137.44 

21. 638. 09 
67,568.02 

74. 989. 10 


400. 00 

2, 888. 56 

56, 502. 34 


891.02 


Iowa 

Kansas 

Loniaiana .. 


1,437.63 
27,133.16 


1,207.26 
26,202.86 


Minnesota.. 
Montunn r . . 


13, 618. 07 


24, 311. 44 

160. 00 

28, 278. 93 


25, 009. 52 

280. 00 

52. 541. 82 


15,003.26 
39.68 


Nebraska... 
Nevada 


24,767.2.». 


48,264.82 


N^fw Mexico 


16,286.10 
97,331.30 
16,842.86 
84,56^21 
67,243.20 








326.96 


Oregon 

Utah 


""iio.oo 

80.00 
1,017.40 


880.00 


920.00 

160.00 

7,686.47 


4,4.:6.68 
420.40 


Washington 
Wyoming .. 


3. 920. 00 


6. 816. 41 










Total. 


4,755,006.67 


00,300.66 


6,391.309.38,141,693.97 


4,224,397.83 


204, 619. 62 


3, 735, 305. 10 


134,416.12 



Total number of acres entered from 1873 to 1888, inclusive, 38,958,558.45. 

Total number of acres entered from 1873 to 1880, incluHive, 9,316,661.03 ; on which final proof and entry 
micbt have been made in 1888 or earlier. 

Total number of acres on which final proof was made, 784,037,23, or 8.4 per cent, of possible number. 

Total number of acres planted, 784.037 -1- 16 = 40.002. 

Total number of trees declared to have been planted and cultivated, 38,076,350, or less than one tree 
for each acre entered for timber culture. 
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Appendix C. 
southern california. 

" This portion of California is divided by parallel ranges of mountains, which here 
and there coalesce and become a confused mass of peaks. Between .these ranges are 
valleys of various extent, but all of any agricultural value within 60 or 70 miles of 
the sea. To the east of the main Sierra Range lie the great deserts of Mojave and 
Colorado. These are broken by low barren hills devoid of any verdure whatever. 

*^ The rain-fall varies betweeu 25 inches at some points on the sea coast and mountain 
ranges, to 3 or 4 inches at points on the desert. The desert rain-fall usually ocenn 
in summer. These conditions, as far as the United States are concerned, are peculiar 
to the Pacific slope. The result of this distribution of the rain- fall makes the use of 
water for irrigation essential for most crops not maturing in winter or the rainy sea- 
sou, and adds a great value to permanent water supplies for domestic as well as for 
agricultural puposes. 

^* The climate in this country is divided into a wet and a dry season. In the vet 
season it ought to rain but it ofcen does not. In the dry season it ought not to rain but 
occasionally does. 

** Timber Area. — Area of timber land in southern quarter of California — an area, 
say, of 50,000 square miles — timber 1,000 square miles, or one-fiftieth of the whole. 
This timber is confined almost exclusively to the tops of the mountain ranges, and to 
an altitude varying between 3,000 and 8,000 feet. There is also a small amount of 
timber in the narrow cafions which carry the water from the mountains to the valley. 

** While the forests of timber trees are thus shown to be very limited in extent, and 
far below the proportion which has been demonstrated in European countries to be 
needed for the best productive capacities of a country (about one-quarter), the brush, 
or chaparral, covers extensive areas in southern California. In Los Angeles County, 
which is the great agricultural producer of the south, timber trees cover one-twenty- 
fifth of its area, and are so inaccessibly situated in the mountains as to sapply none 
of the immense demands for lumber of the community. One-third of the total area 
of the country is in chaparral. This brush-growth is from 2 to 12 feet in height. In 
some places it is so thick as to be almost impenetrable, while, as we pass to the back 
ranges and the desert, it becomes so thin and scattered as scarcely to be deemed of 
importance on the water-sheds. 

" San Bernardino County has one-fiftieth of its area in timber, which is sufficiently 
accessible to be considerably used for local purposes ; one-fifth of the area of this 
county is in brush. 

**San Di^go County has about one-fortieth of its area in timber, which is used 
locally in a small way, and about one-fifth in brush 

" The other counties composing the district have a somewhat smaller proportion of 
covering of forest and brush. 

^'The chaparral throughout the entire area is confined to the mountains and foot- 
hills. 

"On the western and southern slopes of the first important ranges from the ocean 
it is densest. As we go .back towards the desert the brush -covering decreases in 
density, until, on the desert itself, all the ranges are perfectly bare. The natural cot- 
ering, as it now exists, is a reliable indication of the extent of the rain-fall, modified to 
some extent, perhaps, by the exposure of the mountain-growth. That on the north- 
ern, or shaded side, is proportionately greater than that on the southern. 

^^ Effects of deforestation. — On the other hand, extensive areas of brush land bav? 
been denuded by fire, and some waste in this way has taken place among the tiinbtr 
trees. These have also been much thinned out in the localities named, from wbicb 
lumber is being taken. The effects of this destruction of brush and timber havebeeu 
plainly appreciable in every case. 

*' There have been two effects which have followed the destruction of the brush or 
forests on the mountains of this district. The first — production of torrential action 
from such denuded water-sheds. Great numbers of these cases have been noted, 
where the rain-fall has been delivered with suddenness and with great volnme> t«v 
gether with a large amount of debris, sand, b(»wlders, aud gravel, from burned-of 
places. The results have been disastrous, sometimes in a small and sometimes io > 
large way, according to the area denuded. Some lands have been cut and gullie«i. 
others have been covered with dMtris and injured in this way. A number of orchard? 
and other agricultural lands in the San Gabriel Valley have become the beds of tor- 
rents, owing to the destruction ot brush on the foot-hills of the Sierra Madre Ranpf- 

** The second effect of the destruction of the mountain covering, and the coL*se- 
quent rapid discbarge of the rain-water, has been the diminution and sometimes ea- 
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tire drying up of the springs and streams coming from injared water-sheds. The 
most notable cases of these results, easy of access and examination, are as follows : 

*^Fire on the Mission Ca&on water-shed at Santa Barbara ; subsequent destroction 
of the company's works situated in said cafion, and diminution of summer flow of 
water. 

** Fire in Tejunga Cafion ; subsequent injury to lands of E. L. Wicks by ^ood and 
cutting, and probable augmentation of damage by great flood of Los Angeles City in 
1882 and 1»83. 

** Fire on the water-sheds of Soledad Cafion ; subsequent destruction of bee ranches 
by flood, and of roadway and property of Southern Pacific Railroad. The damage to 
this railroad involved an interruption of travel for nearly six weeks, and in the neigh- 
borhood of (1,000,000 in money. This fire was set by stock-herders, nominally to 
benefit pasture. 

''Edwards' fire on Precipice Cafion water-shed ; subsequent diminution of summer 
water supply from this cafion. Destruction of brush on foot-hills on Sierra Madre 
Mountains near Pasadena ; subsequent appearance of two torrents, which have con-* 
tinned to do great damage to orchards, agricultural lands, etc. 

'' Fires on Santa Anita, San Gabriel, Sawpit, San Dimas, and San Antonio Cafions, | 

and in many other localities, with similar results. j 

'* The destruction of small wood at Los Coyotes Ranch ; subsequent disappearance i 

of spring in said locality. 

*' For further detailed accounts see page 27, First Biennial Report of California 
State Board of Forestry. 

** Notice may be called, in a general way, to the fact that where the'rain-fall is the 
heaviest—say 25 inches on the steep chaparral-covered Sierra Madre Range — floods 
have done no damage except from burned water-sheds ; while from the bare hills of 
the Colorado Desert, with a rain-fall of 4 or 5 inches, extensive damage is done every 
year or two to the only thing there to damage — the road-bed of the railway. 

'* The consideration of these facts makes it apparent that the brush and forest 
mountain lands of southern California of no direct value to agriculture, are of great 
indirect value to every industry in that section. 

**Extent and effect of Tree-planting, — Tree-planting throughout this area has been 
carried on to a considerable extent. It has, however, been limited to the fertile val- ■ 

levs upon the western water-shed. In a few places on the edge of the desert, but {] 

where water has been brought down, as at Riverside, San Jacinto, Antelope Valley, 
etc., considerable areas have been planted to fruit trees, with forest trees as wind- 
breaks to protect them. 

** The effect of this tree-planting has been to diminish the force of the winds. The 
orchards planted along the edge of the Sierra and cultivated area, planted up to and 
during 18d0, sufiered a great deal from the hot dry desert winds. I have seen the 
bark of the trees and the fruit frequently excoriated by the sand carried by the wind, 
so that the tree and frnit gave the appearance of haviuj; been subjected, on the 
windward side, to a sand blast. Since 1882 I have not known of anything of this 
kind on the westward side of the mountains. 

'' Another effect of the plantations has been to diminish the efficiency of the wind- 
mills — at Riverside, for instance, — which is a colony reclaimed from the deseii; and 
now shipping about 2,000 car-loads of product annually, the domestic water being 
taken by wind-mills from deep wells. When the colony was first started the wind- f 

mills set up to pump this water did more work than was necessary. I am informed j 

now, by some of my friends having orchards at this point, that they experienced j 

the greatest difficulty in getting from tbeir wind-mills a sufficient supply of water. |- 

** The hot desert winds have been undoubtedly lessened in force in our valleys, and ■ 

so also have what we call trade winds. 1 

" This trade- wind is one which blows in the dry season from the ocean towards the • 

desert. In some places it blew very strongly, so much so as to stunt and disfigure . 

trees subjected to it. One of these places was the Santa Maria Valley. The settlers ( 

in this locality have planted wind-breaks of great extent, with the effect of doing ; 

away with the damage of this wind. The only place where forest culture has been r 

undertaken to any considerable extent is in Los Angeles County. Several large plan- 
tations have been made here with a good profit to the experimenters. There has, 
however, been no sufBcient forest work, in the proper sense of the word, to modify 
anything, except in a very local way. 

** Recommendations, — A forest policy should bo inaugurated to maintain the integrity 
of the forest-covering for the purpose of preventing the formation of torrents or de- 
structive floods, and the protection of the permanent water supplies of the country. 

** Wherever the desert lands have been brought under water ; that is, had water 
brought so that they could be irrigated, as at the great and productive colony of 
Riverside, they have proved very fertile. If the policy be adopted by the Govern- 
ment of making valuable and habitable vast extents of the Mojave and Colorado 
Deserts by irrigation^ the storage of water for this purpose would necessarily be in 
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the bieh ranges reoeivinff considerable rain-fall. If the brash covering, or forests, be 
burnea or destroyed on the water-sheds furoishing t&e supply of snch reservoirs, the 
nnimpeded rain-fall flowing off more rapidly mnst carry great quantities of d^briii, 
sand, gravely etc., which will destroy tne efficiency and valae of the reservoirs by 
filling them up. Consequently, co-incident with the adoption of sach ar policy, & 
rational forestry system should be inaugurated." (Abbot Kinney.) 

. Mr. Fernon also called attention to the annual report for 1889 of the 
forestry division on "The Forest Conditions of the Eocky Mountains," 
etc. He filed a printed copy of the same. It is already printed for the 
Department of Agricaltore. 



STATEMENT OF G. V. RILEY, ENTOMOLOGIST DEPAETHENT OP 

AOEICULTUBE. 

The Ohaibman. Please state your position. 

Mr. EiLEY. I am Entomologist of the Department of Agriculture. 

The Chairman. On what subject is the paper which you submit! 

Mr. EiLEY. On the general subject of the importance of extending 
any system that may be adopted of irrigation from the entomological 
standpoint; that is, with the view of checking the ravages of some of 
those insect pests that do so much damage in the West, particularly 
the Eocky Mountain locust, or so-called grasshopper, and ebinchbug. 

As these matters have been published and the recommendations of 
the Entomological Commission, which had the study of the grasshopper 
question in charge, are on record, I have referred to those recommenda- 
tions. I will only say in a few words that there is nothing concrete to 
say to you except this, that we dealt with the Northwestern region. 
Practically these facts stand out boldly, that the native home of that 
grievous pest is this extreme Northwest region, the permanent breed- 
ing ground of that insect. 

The only way in which it will be possible in time to overcome this 
pest is by an extension of settlement. The mode of irrigation that will 
enable you to extend your settlements is the mode I believe to be the 
feasible mode. So far as this country is concerned, we have simply 
suggested some system which must be taken up by the Government, 
because it is beyond the power of private enterprise — some system that 
will enable you to save in reservoirs the immense waste of waters from 
the chief arteries, like the Missouri, and the waste that comes from the 
overflow system, by building reservoirs that shall hold it. 

The Chairman. We have considered that subject very much, bnt 
after we shall have accomplished all that we can accomplish in regulat- 
ing the irrigation of the arid lands there will be a large area of land 
above the lines of the ditches that will be liable to be the breeding 
ground still of those Insects. 

Mr. KiLEY. What is called the permanent region, which is essen- 
tially the arid region, trenches upon the subarid region. I have not the 
time, even if I had the ability, to discuss the points that should be 
brought up for consideration before you as to what the irrigation sys- 
tem should be. It should of course embrace the underground carrents 
as well as others. 

We made a suggestion ten years ago — now somewhat antiqaated 
perhaps — which was that the Government should donate a strip of land 
running from the Black Hills to the northwest line — right to the bound- 
ary — to any company that would undertake to develop a system of irri- 
gation and improvement ; believing that that region once thoroughly 
developed, these pests would be got rid of. If you can retain suffi- 
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cient water to enable you to cultivate trees or any other crop in this 
settlement you would at once solve the question of the vast devastating 
swarms of grasshoppers. 

I believe that Government aid should come in only where private en- 
terprise will end. In all valleys which give promise of development I 
think we can depend on private enterprise developing as much as possi- 
ble ; but Government aid should come in when that will end. 

That is why I think Government service should consist largely^ as has 
been well said, of locating possible reservoirs, indicating what they will 
cost and availing ourselves of the large bodies of water that are annu- 
ally sent into the sea during the high tide seasons. 

The Chairman. Then your idea is that as the country west of the 
great plains is developed and brought into cultivation the home of the 
grasshopper will be limited gradually or cease to exist t 

Mr. KiLEY. Without question, in proportion as settlements extend. 
Anything that will permit settlers to live and cultivate the soil, in pro- 
portion as that settlement encroaches on the arid land we shall have 
less and less of those grievous periodical devastations of the grass- 
hopper. 

Mr.Eiley submitted the following: 

REPORT TO THE SECRETARY B7 THE DIVISION OF ENTOMOLOGY 
IN REPL7 TO INQX7IRIES OF THE COMMITTEE. 

The qnestion of the proposed reclamation of the arid lands of the West by irrigation 
is of great importance from the entomological stand-point, and particularly in view 
of it« influence upon the destr active appearances of the Rocky Mountain locust, or 
Webtern sfrasshopper, which at irregular intervals has greatly damaged the agriculture 
of certain of our Western States and Territories. The last important invasion of this 
pest occurred during the years 1874, 1875, and 187(>, and the devastation which it oc- 
casioned at that time is so fresh in the minds of all as to require no elaboration of the 
importance of the subject. The reports of the United States Entomological Commis- 
sion, an organization founded in March, 1877, and composed of Profs. C V. Riley, A. 
S. Packard, and Cyrus Thomas, consider the question of the influence of irrigation of 
a large extent of the arid territory upon the increase of this pest, and from the first 
report of this Commission, published during the year 1878, and the second report, 
published in 1880, can be drawn a complete summary of the writings on this subject 
and the views in full of the Commission. Copies of these reports would accompany 
this statement, but they have been long out of print. They may be found, however, 
in the library of the Geological Sarvey. 

One of the important results arrived at is the conclusion that an extensive system 
of irrigation upon a scale of greater magnitude than any which can be undertaken 
by a pioneer population will be not only necessary to the carrying on of agricultural 
o])eration8 within the belt of territory mapped out as the permanent breeding ground 
of the locust, but that the prime result of such an introduction of diversified agricult- 
ure into these regions will be the abolishing of the conditions necessary to a per- 
manent reproduction of the species, and a consequent reduction to a minimum of the 
danger of the appearance of destructive migratory swarms. The one fact, that ac- 
corcUng to the careful statistics gathered by the Commission the loss from this pest 
during the years 1874 to 1877 amounted to upwards of $200,000,000, is a mighty argu- 
ment for the expenditure of the sums which it is proposed to devote to the purpose 
which Senator Stewart's committee has now under investigation. The words which 
follow are quoted from the first report above referred to : 

*' It is evident, therefore, that the final and complete solution of the locust problem 
depends to a certain extent upon the possibility of modifying, to some degree at 
least, the aridity of the great plains of the Northwest, which undoubtedly form the 
native breeding grounds of these insects. 

** By most persons this will be considered equivalent to saying that the locnst 
problem will never be solved. It would scarcely be proper for us nere to enter into 
a diKcnssion of the question of the possibility of modifying the condition of the dry 
area, bnt we can not refrain from placing upon record our protest against any such 
conclusion as this. That man, with a mind that can bring art, sc ience, and mechanics 
to the perfection now visible oft ©yery hand, must be forevw u»»ble to oonvort tlio 
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[Insert into fertile fields or to redeem the waste places of earth we can not believe, 
unltisa we are sbowu that tlie moisture wbicli oDoe applied tbese areas baa forever 
tjikcn its departure fronj oar globe. 

" To what extent -these dry areas of the West can be sapplied with water and 
I'uudered fertile mnaC be dettit'mined b; those who are protlcieut in this particular 
brunch of aclence; but that large Beotionscan be redeemed by properefforts, if uiade 
(ju i> scale of sufficient magnitado, we have no doubt. 

" By utlliziDK all the water that flows down from the mountains for the purposes 
of irrigation; by coIlectiDgio reservoirs the winter supply and distrihutinc it iu the 
growingBeason, a very laruesection of those plainamightuo brought undercultivation, 
aud extensive forests grown where now the surface is naked and barren. Every Beld 
lironght into onltivati on, every grove planted, is just bo far a step toward the ultimate 
Buliition of the locust proiilem ; aod the nearer these ca7i b« brought to their native 
home the more effectual will they be in rooting them out. If oitensive efforts in this 
(lii'cction were made in British America, north of Montana, also in oustorn Montana, 
ivestem Dakota, and the regions around the Block Hills, it would not only be of 
iiiinienBe beuetit ia aapplying new agricultural fields for emigrants but solve the locust 
problem. It would also be a most eSeotual method of settling the Indiau question in 
tbib region. Just what can be doue in the way of redeeming these areas we can not 
ttay, but when their settlement depends a pon it, aud the wolfa.ro of a much larger area 
Hoiith aud west also depends upon it, certainly the question is worthy of considera- 
tion by our national authorities. 

"The day is not far distant when our National Government will be compelled t« 
tjietit this important question and to test the ability of man to accomplish the work. 

"The progroBS of settlement westward must uecessarily be slow when it, as is 
now beginning to be the case, impinges upon the sterile area; it can only push on- 
wa[d when the front line is backed by a dense population and farms studded with 
groi'eB. Itisposaible that if there were no other impedimentstoovercomo than this 
Hlerihty, formidable as it is, the gradual iilling up of the l>order area with an active 
|io|)ulation would modify the conditions sufficiently, at least, to allow the pnshing 
in III and redemption of a bolt of considerable breadth. But when to this difficulty is 
ailileii the devouring locust the bopeofsnocess is greatly diminished." (I'Untt Keport 
U..S. Entomological Commission, pp. 126-127.) 

Further quotations from this and the second and third reports of the Commisaion 
iirii appendeil aud should be studied to enable a full imdorstandiDg of the probable 
iiiffuuiice of such a course as the Commission has recommended. The desirability of 
I'irrcst planting is frequently mentioned in these extracts and the influence of such a 
move in altering for ihe better the conditions of the permanent brooding groonda of 
1 1i I ^ locust can not be overestimated. 

The effect of irrigation upon the Koeky Mountain locust dwarfs into comparative 
insisniticance anything which may be said concerning its inlluence on other de- 
Klruolive species, yet there are many forms which depend for their existence and 
multiplication upon a dry climate and which a thorough system of irrigation would 
render comparatively harmless. 

This has been recognized by the prominent writers upon economic entomology, 
,iud I may qnote the words of my chief. Professor Eiley, as follows; 

"Ihave repeatedly laid stress in my writings on the importance of irrigation in 
combating several of our worst insect enemies, and aside Irom its benefits in this 
liii-ectioo every recurrence of a droughty year convinces me of its importance as a 
means of guariding against failure of crops from excessive dronght. I am glad to 
know that many farmers, and especially small fiTiit-growers in the vicinity of New 
Vork, are preparing in one way or another for irrigation whenever it becomes necea- 
s:try, and I was pleased to heat Dr. Hexamer, at the late meeting of the American 
PuEiiological Society, urge a general system of irrigation as the most profitable in- 
vestment the cultivator can make iu a climate snbject to such petiods of drought as 
ours is known to be." 

Perhaps the most striking example among this class of insects is the chinch-bng — 
a species which damages certain cereal crops to the extent of upwards of $5O,0OO,U0O 
in years of abundance. Tbisinsectisdireotly influenced by moisture andseldom occurs 
JTi numbers in the more eastern States, except after two or more successive seasons of 
drought. After a year of successive multiplication these insects will often be foand 
tri liave hibernated inimmense numbers, and it iaa well known fact that heavy rain- 
fall the succeeding spring will destroy them almost completely. This being the case, 
the artiticial system of irrigation will enable the agricnlturistto bold this insect com- 
pletely iu check, and such a system as it is proposed to introduce iu the West will 
render the grain-growers of the reclaimed regions Independent of the damage which 
niay be done by this insect and will enable them to compete on most advantageons 
tttrniB with the grain-growers of the more eastern localities whose crops are ocoaaion- 
nlly snbject to almost total loss by this insect enemy. I again qnote ftom Profeeaor 
Kiley : 



EXTRACTS FROM THE REPORTS OF THE UNITED STATES ENTO- 
MOLOGICAL COMMISSION. 

In tbe permanent reg^ion whicli embraces the Rocky Mountain plateau and the bor- 
fieri n>( plains from the middle of Colorado northward the rain-fall is insufficient for 
H;;ricaltnral purposes, and hence irrigation has to bo resorted to. In the temporary 
ri'«;ion this is unnecessary. The plains and plateaus of the permanent region are to a 
large extent distinguished by the presence of Artemisiay Chenopodiaceons plants, and 
what is usually termed '' bunch-grass;" in short, by all the characteristics of a drier 
climate. One other peculiarity which should not be overlooked appears to mark 
roughly the southern bonndary of the permanent home of the Rooky Mountain looust, 
»ncl that is the isothermal curve or line of tbe fiftieth degree of mean annual tempera- 
ture, which also corresponds very nearly with the isothermal cnrve or line of summer 
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" Irrigation, where it can be applied— and it can be in much of the territory in the 
vicinity of the Rocky Mountains where tbe insect commits sad havqc, as with a lit- 
tle ellort in many regions in the heart of the Mississippi Valley — is the only real 
available practical remedy after the bugs have commenced multiplying in the spring. 
I wish to Jay particular stress upon this matter of irrigation, believing as I do that 
it is an effectual remedy against this post, and that by overflowing a grain field for , 

a couple of days or by saturating the ground aft^ as many more in the month of < 

May, we may effectually prevent its subsequent injuries." (Seventh Rept. Ins. Mo.) 

We may mention also the case of the grape-vine phylloxera and may again quote \ 

from Professor Riley : ' ' 

*' Submersion, where practicable, and where it is total and sufficiently prolonged 
is a perfect remedy. This is what even the closest student might expect, as. he finds 
that excessive moisture is very disastrous to the lice. M. Louis Faucon, of Graveson 
(Bouche du Rh6ne), France, has abundantly proved its efficacy, and has, by means j 

of it, totally annihilated the insect in his vineyard which was suffering from it four 1. 

years ago. From his experience we may draw the following conclusions: 

^' (1) The best season to submerge is in autumn (September and October, when the' 
lice are yet active and the vines have ceased growing. Submergence for twenty-five 
to thirty days at this season will generally rout the lice. (2) A submergence of ' 

forty to fifty days, in winter, is required, and even where the water is allowed to re- 
main during the whole season, the vineyard does not suffer. (I should consider this 
very doubtful.) (3) A vineyard should never be inundated for a longer period than 
two days in summer, or daring growth ; and though these brief inundations at that 
season affect only the few lice near the surface, and are by no means essential, they 
are nevertheless important auxiliaries to the more thorough fall or winter submer- 
sion, as they destroy the few lice which are always invading a vineyard in infested 
districts. These summer inundations will be necessary only after the winged insects • 

begin to appear ; and three or four, each lasting less than two days, made between 
the middle of July and the fall of the leaf, will effect the end desired. (4) An em- 
bankment should be made around the vineyard in order that the water may evapo- 
rate and permeate the earth, but not run off and carry away any nutritive proper- 
ties of the soil. 

*' The varied success which has attended the different attempts to rout the enemy 
by inundation^ is owing to the lack of thoroughness in many of them. The ground 
must be thoroughly soaked for a sufficient length of time. Temporary irrigation 
does not accomplish thb end for the reason that it does not reach all the lice, and does 
not break up the numerous air bubbles which form iu the soil and prevent the drown- 
ing of many of the insects." (Sixth Rept. Ins. Mo.) 

Too much in fact can not be said of the advantages of a system of irrigation in 
fighting many insect pests. A good instance occurred in our experience in thespring 
of 1879 when the Army worm appeared In great force upon a large grass plantation 
near Portsmouth, Va. The plantation was divided into sections by irrigating ditches 
and it was only necessary to turn on the water to isolate a badly infested section and 
to devote it by rolling, fire, or some other means of destruction preventing ready 
spread of worms to other sections. In the same way rice planters have a ready means 
of fighting insect pests at hand. 

Other insects might be particularized, but the general statement that from the 
stand-point of the economic entomologist irrigation in general is a great help infight- 
ing insect pests, and from the marked illustration of the great good to be accomplished 
by the reclamation of the arid regions in connection with the damage done by the 
Koeky Mountain locust, it will probably be considered that further elaboration will 
be unnecessary. 

Respectfully submitted, May 13, 1889. 

L. O. Howard, 
Acting Entomologist 
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temperature of seventy degrees. Bat this applies only to that portion of the region 
which extends upon the plains east of the mountains. 

If any practical means of exterminating the locusts in this permanent region could 
be devised the whole locust problem coald be solved, and nothing farther would be 
necessary. But when we take into consideration the vast extent of this area, and the 
fact that a very large portion of it can not be brought under cultivation without a 
material change in the climatic conditions, there appears but little hope that such t 
means of actual extermination will ever be devised, however much we may hope to 
check the injurious increase of the pest by the means recommended in the concluding 
chapter of this report. Our discussion of the future prospects of this region in refer- 
ence to agriculture may as well, therefore, proceed on this basis. (Second Bepoit 
United States Entomological Commission, pp. 15-16.) 

A. caref al investigation of this subject for several years and repeated visits in per- 
son to this region have served to convince us that, with the advantages afforded by 
the system of irrigation necessarily adopted, there is no reason why the agricaltnral 
area lying along the east flank of the range should suffer any more from these pests 
than portions of the temporary regions. (Ihid.j p. 19.) 

This agricultural belt, extending from Colorado into British America, is partly along 
the margin of and partly in the very heart of the permanent breeding-grounds where 
the swarms that invade the temporary region originate. It follows, then, as a natural 
consequence, that just so far as the numbers are lessened by the operations in this 
section, just so far will the agriculturists of the temporary region be benefited, and, 
as we will hereafter see, like operations in the latter region will benefit those m 
the permanent region. We are fully aware of the fact that the part of this vast 
region which can be irrigated and cultivated is small in comparison with the whole 
area which forms the native home of the species, but^ fortuii ately, in one respect this 
eultivated belt occupies in part, at least, the point of departure of the swarms which 
invade the temporary region. This fact, therefore, renders it more important that 
it be occupied by an agricultural population. 

Although we have admitted that we are unable to present any plan of exterminatr 
ing the locusts that holds out sufficient promise of success to justify thi3 General Grov* 
ernment in undertaking it, it does not necessarily follow that there is no plan of 
modifying the evil which the Government would not be justified in undertaking. 
On the contrary, if the views we have advanced be correct, they suggest a means by 
which the General Government might greatly aid in bringing about the desired result; 
and, fortunately, the result would be beneficial even should we be mistaken in the 
opinions advanced. 

As will be seen by what has been stated, th^ great desideratum is to settle the cal- 
tivable belt alluded to as rapidly as possible with an agricultural popnlation. 
"Wherever valuable and permanent mines are discovered in the neighboring mount- 
ains, the arable areas in the vicinity will be taken up and cultivated to an extent 
at least sufficient to supply the demand for agHcultural (products, as in parts of 
Colorado. But there are large sections where no such influence will be brought to 
bear, and this is the case along that portion of the belt where the agricultural pop- 
ulation is most needed for the purpose mentioned. 

An examination of map No. 1, iu oar first report, will show that a comparatively 
limited belt in central Montana, extending from the Big Horn Mountains northwest 
to the British line, a little west of Cypress Hill, forms the turning-point of the locust 
movements. Without now repeating the data which may be found in that report, 
we may summarize it by saying that from this region a large portion of the swamu 
come which visit Dakota, Minnesota, Nebraska, and Kansas ; from this area also 
proceed a large portion of the swarms that move southwest into Idaho and Utah. 
This appears to be the point to which most of the returning swarms firom the tempo- 
rary region direct their flight. 

That there are other areas in the permanent region which appear to be special 
breeding-grounds, as points of departure, is certainly true, but none to such, an ex- 
tent as this, and none affecting an agricultural area bearing any coojparison with iht 
area affected by the locust swarms originating in this belt. 

Even should it be shown by subsequent investigations that as a rule the swamu 
falling on the temporary regions come from intermediate points, as central and soatb- 
ern Dakota and northwestern Nebraska, the facts already ascertained warrant us Iq 
asserting that, as a very geueral rule, they originate in the belt mentioned. 

It is evident, therefore, that if any method can be devised by which an agricult- 
ural (not pastoral) population can be thrown into this belt, it will form one of tbt 
best possible means of modifying the evil. If they can be effectually distribnted it 
this area the result will be of immense value to the agricultural interests of Dakota. 
Mi»ue90ta, Nebrjvska, Iowa, m^ Kansas, in fact of the eutir© temporary^ re^on. W< 
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do not protend that it will wholly relieve this area from locust invasions, but it will 
very materially lessen their extent and injury. 

In order to carry on agricultural operations to any great extent in this belt, an 
extensive system of irrigation will be absolutely necessary. It will have to be on 
a scale of greater magnitude than any that will bo undertaken by a pioneer popula- 
tion. We doubt the propriety of the General Government undertaking such a work 
directly, if it is possible to accomplish it in any other way. This, we think, may 
possibly be done by giving the land for this purpose. We are fully aware of the op- 
position at jiresent to tho Government's donating any more of the public land, but 
tbo circnmstances of this case bring it out of the general rule. If donating the en* 
tire body of public land in the belt described would suffice to settle it with an 
agricultural population, not only would the very purpose for which it is held be ; 

accomplished, but, if our views are correct, the result would be of immense benefit to 
the border States. 

Wo therefore suggest the following as probably the most feasible plan of accom- 
plishing the desired end : Let the United States donate a belt of 50 or 60 miles in ; 
width, running from the Black Hills west-northwest, so as to strike the Yellowstone i 
River a short distance above the mouth of the Big Horn River ; from thence north- i 
northwest, by way of Fort Shaw or the mouth of Sun River, in the direction of j 
Fort Hamilton, in British America ; this to be granted on condition that the com- i 
pauy to which said land is granted shall, within a given time, construct a railroad } 
from the Black Hills along the line designated, to the international boundary, shall t 
undertake and carry out, to an extent to be designated, a system of irrigation, and m 
shall equip and keep in operation said road for a certain number of years. .i 

Whether such grant will be sufficient inducement for any competent company to ^, 

undertake the work specified is probably the chief difficulty in the way of success- * 

fully carrying out this plan. On this point we do not feel qualified to express an 
opinion. That such a road, starting from the Black Hills, if once built, would soon 
be connected southward and eastward with other roads, can not be doubted. That 
it would be the best possible means of bringing an agricultural population into this J 

belt can not be doubted. It would also be an important factor in settling the trouble 
some Indian problem in this section of the West. 

If the plan should be adopted it might be well to colonize, if possible, with Russian 
peasants who are accustomed to fighting locusts. \ 

The advantage to be derived from this plan consists chiefly in the fact that it is 
possible to destroy the young to a very largo extent by the use of the proper 
means. If this is done in the very heart of their breeding-grounds, it greatly les- 
sens the numbers that will migrate. Not only does it prevent the number de- 
stroyed from migrating, but for each one killed, so to speak, an entire famil^'^ brood jT 
of the next or migrating generation is destroyed. In other words, the destruction of * 
thousands there would be as effectual as destroying millions ofthe migrating swarms. 
The means of destroying the young, as before stated, can be made more effectual in 
the sections where irrigation is carried on than where it is not. 

As shown in our first report^ the destruction of the young locusts bred in the tem- 
porary region from the invading hordes not only gives immediate relief, but also 
tends to postpone future invasions by so lessening the numbers in the returning 
swarms that a longer time is required for development. With an agricultural popu- 
lation in the area designated, the work of destruction would then be carried on at 
each end of their migratory route. 

Here we ma^ also remark that the present idea of making that f ection of our 
country peonliarly i)astoral area, while doubtless profitable to the present and for 
two or three generations to come, will in the end entail hardships upon those to fol- 
low. It can no longer be doubted that While the destruction of forests was the chief 
agency, yet the pastoral habit ofthe people of Western Asia and other oriental coun- 
tries, once 80 fertile but now so barren, was one important factor in producing the 
present dry and barren condition of those countries. No country in the interior of a 
continent, unless supplied with numerous lakes or numerous and permanent rivers, 
can remain permanently fertile and productive if given up largely to pasturage of 
sheep, goats, and cattle without cultivation. The rapid destruction of mountain 
forests and (lasturing their slopes and bordering plains will most certainly have a 
tendency to render that portion of our country more dry and barren. 

Unless, therefore, our Government adopts some policy by which an agricultural 
population can be thrown into that area the day will most assuredly come when it 
will be as barren and desolate as the plains of Arabia. The development of the lo- 
onsta is but an incident of the change from a former condition of abundant moisture 
to the present dry one. But this branch of the subject we propose to omit at 
present. 

It will be seen, therefore, by the foregoing that we think it is possible to modify to 
a very large extent the operations of the locusts so far as these relate to the area 
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along the east flank of the mouutains^ and that the General Government may, "^itii* 
out any very great expense, very greatly assist in the work. {Ihid. pp. 19-22.) 
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This certainly shows a very moderate climate for this northern latitude. Wheat, 
oats, rye, and barley grow well, and Indian com is also raised without difficulty and 
produces good crops. Such fruits as apples, plums, cherries, currants, raspberries, 
and gooseberries may be grown and matured here, the climate presenting no serions 
obstacles. 

The amount of land that can be brought under cultivation depends wholly upon 
the amount of water that can be obtained for irrigation. If the plan for making res- 
ervoirs for preserving the winter supply should ever be adopted, the breadth of the 
agricultural belt would be very largely increased, and this would be doubly beneficial 
in assisting to destroy the locusts and tending to increase the moisture in the atmos- 
phere by forming a larger evaporating surface. The growth of trees and shrubbery 
around these reservoirs would also be beneficial in the same direction. 

But experience in the settlement of these mountain regions and Western Territories 
shows that no such extensive works will, or in fact can be, undertaken by a pioneer 
agricultural population. Some efficient aid of some kind must be given if such a 
scheme is ever carried into effect, and if the land itself will do this, the Government 
will act wisely in giving it for this purpose. (Ihid,, p. 23.) . 

As shown by our first report, the region around Salt Lake is subject to repeated lo- 
cust invasions from the north, apparently the resulting broods of the swarms that 
originate in that portion of Montana of which we have been speaking, and which, 
pouring over the mountain pass at the head of Jefferson River, move down Snake 
River Valley. 

If the scheme we have suggested should be carried out and should prove beneficial 
in reference to the eastern area, it would have, to some extent at least, a like efiect 
as to this section. If it is possible to establish and maintain an agricultural popula- 
tion in the Upper Snake River Valley, this would have a strong tendency to modify 
the evil. But the present barren aspect of this region would seem to forbid any hopes 
of ever accomplishing this desired end. Still there appears to be one possible means 
of bringing this about, at least to a limited extent. The demand of trade will doubt- 
less complete the railroad already started in that direction, which is one step towaiii 
the desired end, but something more is required in this case. 

Snake River affords a large body of water which, if properly utilized, wonld irri- 
gate a large hreadth of laud, and, notwithstanding the barren appearance of the soil, 
is really fertile when irrigated. It is possible, with a moderate expense, to throw 
dams across this stream at certain favorable spots, and by this means to spread the 
water over the adjoining plains. A work of this kind would, of coarse, have to be 
done by the General Government. The feasibility of this project could easily he as- 
certained by an officer of the Engineer Corps of the Army ; and as this is on the lineof 
the chief iutermoatane thoroughfare and also of the locust invasions of this region, 
the subject is certainly worthy of the attention of the Government. 

As will be seen by what we have presented on this subject, the philosophy of our 
plan for modifying the evil is to place an agricultural population in the very home 
of the spi'cips, which from necessity would be compelled to wage a constant warfare 
against them. 

By stirring the soil their nests would be disturbed ; by fighting the young their 
numbe.'s would be diminished; and as irrigation would be necessary the effect of dry 
seasons on the crops would not be felt as in the temporary region. The possibility of 
inundating to a considerable extent their egg deposits by the winter supply of water 
would tend to diminish their numbers. The fact that their breeding-grounds are 
chiefly in the limited agricultural areas is also another argument in favor of the plan. 

That large areas would be left where locusts breed and pour down on the nearest 
cultivated areas, as in western Colorado, is certainly true ; but this does not lessen 
the value of the plan proposed, nor is it a reason why it should not be put into oper- 
ation. {Ibid.y pp. 24, 5i5.) 

4» « « » « • » 

Naturally with the increase in the number of farms and advance of the settlements 
upon the frontier the devastation by locusts will be felt less. They will divide their 
ravages among more farmers, and hence none will feel the losses nearly as much an 
did those who were isolated from their neighbors during past invasions. Thinly-set- 
tled districts suffered much more than those which were more thickly settled; and 
those lying out upon the prairie than those adjoining and interspersed with groves. 
During these invasions there was no year but in which a portion of the crops was 
saved and harvested by the farmers of the extreme eastern portion of Nebraska and 
other sections of country that were comparatively thickly settled, and that wore sit- 
uated near some natural timber-belt and interspersed with planted groves ; while, on 
^he contrary, those that were far away from these natural aod artmoial groyes, and 
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thinly settled) were entirely devastated by the hordes of ravenous insects. Hence we f 
are compelled to acknowledge that the settling of a country in which the settlers are 
tree-planters has a tendency to diminish the ratio of locust injury. 

Tree-piantiug is not only a matter of great importance to the inhabitants of a 
^country like ocrs in supplying a much-needed material for fuel during our severe 
winters, when at times it is impossible to obtain coal — either from the failure of ^ 
sufficient supply at the mines, or from the impracticability of reaching towns where 
it can be obtained — but it is also of untold benefit as a moderator of climatic ex- • 
tremes. By planting trees throughout the Temporary Region wherever they will 
grow, in time the area in which the locust is capable of continuing its existence 
but two or at most three generations, without having recourse to the arid regions H 

hitherto referred to as the permanent breeding -grounds, will be increased. Aside \ 

from the greater amount of humidity that would naturally follow tree-planting, the 
spread of locust-feeding birds woald be correspondingly increased, and the amount 
of good thus accomplished could hardly be estimated. As long, however, as there 
are no retreats or building places in which these little feathered friends of ours can 
rear there little ones, we need not look for their ai-d in fighting insect enemies. 

The iuciease in the number of settlers would also add to the number of individuals 
to fight the locusts, and hence help to increase the sum total of their dead and to 
diminish the swarms otherwise remaining to do damage and to increase at the ratio 
of a hundred-fold. (Third Report U. S. Entomological Commission, pp. 44, 45.) 

Mr. WiLLiTS*. Dr. Vesey was to have been here, and he had a state- 
ment, too, but I will send the paper up.* Dr. Merriam is here, and I 
would like the committee to hear from him. 

The Chairman. We will hear from Dr. Merriam. 



STATEMENT OF C. HART MEREIAM, ORNITHOLOGIST. 

The Chairman. What is your position? 

Mr. Merriam. I am chief of Division of Ornithology and Mammalogy 
of the Department of Agriculture. 

I was desired by Secreitary Willits to come here alid speak of the 
availability of certain areas of the arid lands for the introduction of 
certain agricultural crops and certain birds and animals which are in- 
jarious or beneficial to mankind. 

In the southern part of the arid lands camels have been already in- 
troduced. Many years ago the War Department introduced camels in 
this country, and herds are now supposed to be living in western Texas 
and in Arizona. 

Nothing has been done to utilize them as beasts of burden, but there 
can be no doubt that enormous good and enormous value wouldresult 
to the arid land by the proper introduction and domestication of the 
camels of those regions. The herds now roaming wild over considera- ! 

ble areas in the arid lands could be put to very useful service. Our i 

arid lands extend from the Mexican border to the plains of the Sas- i 

katchewan and embrace a number of distinct climates. Each of those 
climates is adapted to the wants of certain classifications of animal and 
vegetable life. We find that we are able to subdivide the West into a 
number of areas which we call life areas, because each of those areas ' 

possesses associations of plants and mammals, birds, reptiles, insects, 
etc., that are not found in continuous areas, and we find in applying 
agriculture to those areas that the same areas that support definite as- 
sociations of plants and animals in a wild state are adapted by nature 
to definite kinds of agricultural crops and to definite breeds of animals. 

This is a subject that has been almost entirely overlooked in studying 
the question of the relation of climatology, particularly of temperature 
and humidity, to the relations of life ; it is one of the utmost importance. 
I think it is not saying too much to state that agricultural science in 
this country is going to be completely revolutionized whenever it is 
ttiudied.iii connection with the natural life areas and the climatology of 
the country. Experimental agricultujre will cease. 

* Dr. Yasey's paper was not received. 
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The Chaibmaj^. Have yoa to any considerable extent classified the 
sections, and the animals belonging to them f 

Mr. Merbiah. I have been engaged in that work for the last four or 
five years, and have a number of maps now in progress of the whole 
United States, showing the primary, secondary, and tertiary life areas 
in which the country Is subdivisible. That is the work in which I am 
now engaged. < 

The Chaibman. That would not come within the scope of our report; 
but I agree with you that it is a very important subject of inquiry, if 
you can ascertain as to each region when developed what will be the 
products, and what animals will thrive there, and what will be suitable 
for them for food. That information will be most valuable to settlers 
in order to inform them what animals they may keep. 

Adjourned. 



FIFTH day's session. 

Washington, D. C, March 13, 1890, 

The committee met pursuant to adjournment. 

Present: Mr. Stewart (chairman), Mr. Moody, Mr. Casey, Mr. Beagan, 
and Mr. Jones, of Arkansas. 
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STATEMENT OF GAPT. G. E. DUTTOIT, U. S. AEMY, CHIEF ENQINESB 

U. S. lEEIGATION SUEVEY. 



The Chaibman. Captain, you are an officer of the Army! 

Captain Button. I am, sir. 

The Chaibman. And assigned to the Geological Survey! 

Captain Button. Yes, sir. 

The Chaibman. State what connection you have had with the Irri- 
gation Survey, what your position has been in that survey, etc. 

Captain Button. When the survey was first authorized by law 
Major Powell requested me to take charge of the field-work of the en- 
gineering and hydrographic parties. The details of the field-work were 
drawn up and submitted by myself to the director, and were approved 
by him, and, since the passage of thelawand since the time when the 
appropriation became available, I have had charge of the engiueering 
and hydrographic work. 

The Chaibman. Has there been any other work than hydrographic 
and engineering work done in connection with the survey! 

Captain Button.. Within the limits of the appropriation t 

The Chaibman. Yes. 

Captain Button. Yes, sir. There has been a large amount of topo- 
graphic work, with Which I have had nothing to do. 

The Chaibman. Of the $350,000 that have been appropriated how 
much has been expended for hydrographic and engineering work, and 
how much for topographic work ! 

Captain Button. Out of the first appropriation — you will remember 
tljere were two 

The Chaibman. (Interposing.) There were two. 

Captain Button. Out of the first appropriation of $100,000 $36,000 
were allotted for the work under my charge. 

The Chaibman. The engineering and hydrographic work ! 

Captaiu Button. Yes, sir ; there was a contingent fund reserved for 
expenditure under the immediate charge of the dir^tor^ for ofSceexpen 
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ses, and for special expenses which could not be foreseen in the original 
estimates, and also to be a kind of insurance fund against any deviation 
which iilight compel us to exceed this allotment or else sacrifice val- 
uable work. The amount of that, I think, was $6,000. The remainder 
of the $100jOOO, that is, $58,000, 1 understand was applied to topog- 
raphy. 

The Chairman. As regards the second appropriation ? 

Captain Dutton. As regards the second appropriation, the original 
allotment to the work under my charge, that is, the engineering and 
hydrographic work, was $110,000. There was a contingent fund of 
$20,000, and $120,000 was allotted to the topographic work. 

The Chairman. Has all of that appropriation been expended f 

Captain Button. The last appropriation ? 

The Chairman. Yes, sir. 

Captain Dutton. ^o, sir. 

The Chairman. How much has been expended of what was allotted 
to the. hydrographic and engineering work f 

Captain Dutton. I can not give the exact figures, but I can approx- 
imate to them off-hand. There still remains available for expenditure 
about $29,000, reckoning from the 1st of March, for the work under my 
charge. As regards tlie work in the topographic branch I am unable 
to say how much remains unexpended. 

The Chairman. The $29,000 will be expended as you go along, in 
completing the work ? 

Captain Dutton. Yes, sir; to complete the office work, and more 
especially to keep the hydrographic work going, which it is absolutely 
necessary to maintain constantly, without any intermission, in the field, 
that is, to a certain extent. The great bulk of the remainder now un- 
expended is being applied to the hydrographic work. 

Senator Eeagan. That is, the remainder of the $120,000. 

Captain Dutton. The remainder of the $110,000. That is a class of 
work which requires more constant and steady expenditure than the 
engineering work, because it is necessary to keep up stations in the 
field constantly. 

The Chairman. Is there any connection, in practical operations, be- 
tween the topographic work and the engineering work; how do they 
co-operate, if at all ? 

Captain Dutton. There is a certain amount of general utility for en- 
gineering and hydrographic purposes to be found in a good topographic 
survey. According to my understanding there is no absolute depend- 
ence upon topographic work for the proper conduct of good engineering 
and hydrographic work ; in other words, an engineering and hydro- 
graphic survey could be conducted with good results, meeting the pur- 
poses and requirements of the law, if there were no topographic survey. 
Our results probably would be in some measure better spread upon the 
record, better published, and made more intelligible, if we had good 
topographic work in advance, and good topographic work would un- 
doubtedly be accompanied by certain conveniences; but the question 
of necessity is one of degree. 

Senator Keaqan. I do not understand these things very well. 
Will you define the difference between what you call engineering and 
hydrographic work and topographic work, so we can see what the dif- 
ferences between the two classes is ? 

Captain Dutton. In order to carry out the purposes of this law, as 
it has been understood in the survey, and in order to meet all the special 
requirements of the law, which provides for investigating the extent 
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to which arid lands can be redeemed by irrigation, one of the first tilings 
which is necessary to know is the available water supply, and not 
merely the water supply, but also what the water can do— how mach a 
given quantity of water can do, both in general and in particular — as 
a general rule and in particular cases. It is therefore necessary to make 
what we call a hydrographic investigation to know how much water 
we have at our command. The hydrographic work has been understood 
to include the measurement of the waters flowing in the streams, and to 
ascertain the rate or distribution of the flow of streams during dif- 
ferent parts of the year, to know when the waters are at a maximum 
and when at a minimum. It is also necessary to know what we term the 
" duty ^ of the water, to know how much land the water can irrigate, 
and if, as is actually the case, it varies from place to place, to know the 
causes upon which that variation depends— what influences the duty 
of the water. 

There is one other very important matter in this connection which it 
is necessary to investigate, and that is the subject of evaporation, which 
becomes a highly important one in reservoirs, and especially in the 
largest reservoirs, for reasons that will readily suggest themselves to 
you. A large reservoir is generally a shallow one, and a very large 
basin can not under any ordinary circumstances receive a suflicient quan- 
tity of water to cause a great rise and fall in that reservoir. Now, if the 
proportion of evaporation to the amount of available inflow of a reser- 
voir is very large it becomes a very important question to know how 
much that evaporation is, and there are very many cases where the value 
of a reservoir will turn upon the ratio which exists between evaporation 
and inflow. Therefore it is necessary to fnake an accurate investiga- 
tion of the rate of evaporation. There is still one other question which 
we consider — a hydrographic one — which we have not as yet taken up 
systematically, but have only investigated in one or two localities, and 
that is the quantity of sediment which the streams transport. That 
becomes a matter of very great importance in determining the life of a 
reservoir, how long it will take to fill it. These are practical matters 
which the hydrographic service is expected to investigate. The engi- 
neering survey investigates questions of a different character, but into 
the investigation of the engineering survey the hydrographic survey 
enters as an important factor. The engineering survey is required to 
first investigate the possibilities of diverting water from streams, stor- 
ing water, and the amount of land which can be irrigated by works of 
a specific character. I think it will appear quite clearly that if we are 
to obtain the information as to the amount ot land which is susceptible 
of being irrigated we must have for each locality and each district some 
definite idea of the kind and the extent of the works which are to irri- 
gate them. Therefore the engineering survey is required to form some 
definite project of works for the irrigation of each district. Their in- 
structions have been to endeavor to select the best. I can perhaps con- 
vey to you that idea more forcibly by reading to you a portion of the 
instructions which were given early in this investigation to some of the 
engineers: 

I desire herewith to place before yoa certain goYernmg consideratioDS of a general 
character with reference to the surveys yoa are expected to make and to the recialts 
yua are expected to accomplish. In each hydrographic basin it is desired to take the 
problem ; what are the available sources of water supply, and uy what means the 
water may be most fully utilized » A hydrographic basin may mean the water-shed 
of a large stream or of a small one, or a great river or one of its tributaries ; but whether 
it means a trunk stream or a branch of it (a question to be decided by the engineer)^ 
it is assumed that there ie some form of development and construction of the work 
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which may he judged to he the hest that the engineer can devise. The engineers 
shonld take no account of works which are aiready constructed ; nor should their 
judgment be swayed by any opinion on their part as to what Tvorks private enter- 
prises and capital are likely to undertake in the next few years. They should 
rather address themselves to the question already propounded ; what is the best sys- 
tem, the one which will utilize the greatest amount of water and produce the great- 
est amonnt of irrigation ? It is not forgotten that as a practical matter irrigation 
development in each district starts with a small beginning, with works proportional 
to that beginning; that it advances through successive stages, by more costly works 
superseding the primitive ones. But of these the engineer should take no account. 
His project should embrace what is in his judgment the best system, irrespective of 
what is or actually may be constructed. At the same time his project should be a 
practical one, involving no extravagances of edgineoriug, nor transcending the 
possibilities of attainment, or of maintenance after attainment. The plans should 
also have a certain unity, and should contemplate a single system of vvorks for 
each irrigation district. If both reservoirs and canals are required, the reswrvoirs 
should be, if possible, projected as adjuncts of the canals. No doubt it will hap- 
pen sometimes that the*rivers alone are more than sufficient for the available land, 
as in the northernmost States and Territories, or that reservoirs alone are possi- 
ble, as in parts of the southernmost Territories ; but still, oven in such cases, unity of 
plan should, so far as practicable, be kept in view. Engineers should seek to mini- 
mize the extension of their projects of distributive works by which water is taken 
from canals and reservoirs and put upon the land. With a given high line canal it 
will |?enerally»be possible to propose many ways of distributing its water, but the 
distributive system will in other cases probably be of a distinctive character, form- 
ing a vital part of the entire project, and its development in the project will then be 
necessary. 

This instruction was deemed necessary in order to meet the require- 
ments of the law for investigating the extent to which the arid lands 
are capable of being redeemed by irrigation. 

Senator Eeagan. You have stated that there would be some conven- 
ience in a topographic survey. Is not a topographic survey to some 
extent indispensable to this work in ascertaining the altitutle of the 
place where you locate your reservoir, the relative altitude of the ground 
to be irrigated, and to run the lines of the canal ? 

Captain Dutton. Yes, sir ; to know the line of the canal it is neces- 
sary to have an exceedingly minute and very carefully detailed topo- 
graphic survey on a very large scale. It is also very necessary to have 
a thorough- going survey of the reservoir site itself, and most particularly 
of the dam site. For this purpose a topographic survey is an absolute 
necessity ; but in speaking I had reference to a more general topographic 
survey of the whole country. A topographic survey to show the lines 
of a canal would have to be made upon a scale never less than 1,000 
feet to the inch, and is more frequently 100 or 200 feet to the inch, 
whereas a general topographic map of the very largest size means a 
survey upon a scale of about 10,000 feet to the inch ; tliat is, our scale for 
engineering purposes would have to be ten, fifty, or even one hundred 
times as large as that of a general topographic map. And there is 
another point in that connection. The most important feature of an 
engineering survey for engineering purposes deals with the vertical 
element; that is, with altitudes. The horizontal elements, although im- 
portanty are far less so than the vertical elements. Now, it would be 
impracticable to construct a topographic map, ata reasonable cost, with 
a degree of accuracy at all commensurate with the accuracy which is 
demanded by the engineering surveys of a canal, or even of a reservoir. 

Senator Eeagan. Is not such a topographic survey as is being made 
in the country where you have been a very great convenience to the 
engineers when they come to arrange the details of the hydraulic part 
of the work t 

Oaptain DiTTTON. Yes, sir; it is a convenience; there is no question 
about that. 
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Senator Beaoan. And it is of great conveuieuce in considering: the 
eDgineering problems t 

Captain Dutton. It is a great convenieDce. I notice that all my 
engineers are calling very largely for maps, and tlie best maps they 
can get. 

Senator Bbaoan. Are you advised as to the extent to which the 
topographic surveys have been made and how near they aie to comple- 
tion throughout that Western country generally f 

Captain Dutton. Yes, sir ; I have a pretty good knowledge of that 
subject. I know where they have been made and 1 know their general 
character. 

- Senator Beagan. State to the committee aboat the extent of those 
surveys. 

The Ohatbman. And also state their general character. 

Captain Dutton. Well, sir, you are aware that topographic sorveys 
of various qualities have been going on the Western country for 
twenty years. They have been made by diS'erent organizations of the 
Goverument. Some have been made with much more care and much 
more skill than others. A very large portion of the West lias already 
been so surveyed. There bas been a topographic survey made of that 
[lortioii of the State of Colorado which lies west of Denver. The en- 
tire portion of the State west of Denver wa« sur\'eyeil under Dr. Hay- 
deu. There has been a very large portion of New Mexico surveyed, 
by what we are in the habit of calling a mere reconnaissance survey, 
under Captain Wheeler, of the Engineers. It is on a much smaller 
scale and much more humedly done than a topographic survey, and it 
has but little of the vertical element in it. We do not consider it a 
topographic survey. But some portions of New Mexico have been sur- 
veyed by the Geological Survey, perhaps about one fourth of the Ter- 
ritory. Nearly one-half of Arizona has been surveyed by the Geologi- 
cal Survey, that, however, being the northern portion of the Territory. 
About two-thirds to three- fourths of Utali has been surveyed by the Geo- 
logical Survey. The Wheeler survey made extensive surveys in Ne- 
vada, while the Geological Survey has made none there except in the 
extreme western portion of the State. The Wheeler survey has made 
very extensive surveys in California, and the Geological Survey has 
followed them up with their topographic survey, which now embraces 
about one-fourth, perhaps oue-third, of the State — a very fine map. 
Southwestern Oregon has been surveyed by the Geological Survey, but 
probably not more than one-eighth or one-tenth of the State has been 
surveyed. 

No surveys of any kind have been made in Washington, and the Geo- 
logical Survey has made no surveys in Idaho until within the last year, 
and very few surveys of any kind have lieen made there excepting io 
the soatheasternniost portion. In Montana a survey was made by the 
^Northern Pacific Railway, known as the Transcontinental Survey, em- 
bracing a belt of territory which was adjacent to the Northern Pacific 
Bailroad, mostly within the limits of its land grant, and other portions 
have within the last three or four years been under survey by the Geo- 
logical Survey. Perhaps one-fifth or one-sixth part of Montana has been 
surveyed. In Wyoming there has been very little topographic work 
done, although a survey was begun there by Dr. Hayden during the last 
few years of the existence of his own survey, but only a small amount of 
progress had been made upon it. In the States and Territories east of 
the one hundredth meridian, within the arid belt, the Geological Sur- 
vey has been making surveys in the valley of the Arkansas Biver, and 
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still more extensive ones in the eastern portion of Kansas. It has also 
been making some extensive surveys in central Texas, gradually ex- 
panding its work there. That carries us into the humid region, and 
there has been a great deal of surveying done, of course, in the Missis- 
sippi Valley. 

The Chairman. Suppose a corps of engineers, having a report of the 
hydrographic work, so that they would have an approximate knowledge 
of the precipitation and evaporation, and the amount of wat^^r flowing 
in a stream, should go into a valley to locate a reservoir and the lines of 
ditches for the purpose of conveying the water to such lands as could be 
irrigated, how much information could they obtain from any topograph- 
ical map that has been made of any portion of the country? Would \* 
they be able to rely on such a map, or would it be necessary for them to 
do their own work independent of that f 

Captain Button. Tbe most valuable information they would get 
from a general topographic map would be a more accurate means of 
computing the area of the different water-sheds. I know of no other 
purpose wbich would be an indispensable one which would be served 
by such a map as that. But It becomes a matter of very grave moment / 
to know what the water-shed is. It can be very readily ascertained by a 
few days- labor, or, if it is a large one, by a labor of a week or two; but 
as a general rule the exactions of accuracy in the size of a water shed are 
not so great but what they can be made fairly and with a sufficient 
degree of approximation by existing data. 

Senator Jones. Why do you have to know the area of a water-shed? 

Captain Dutton. In order to form some judgment in advance of the 
amount of water which is likely to run off from it in flood-time. 

Senator Jones. Then you rely on the area of the water-shed and the 
average rain-fall to make your hydrographic examinations ; or do you 
measure the streams for the purpose of making your estimates? 

Captain Dutton. Both. 

Senator Jones. You do not rely on either one, absolutely ? 

Captain Button. We place our main reliance upon stre^im-gauging. 

Senator Jones. That is much less expensive than tbe otlier ? 

Captain Dutton. I^o, sir; far more expensive. Stream-gauging is 
very expensive work. 

Senator Jones. Is it more expensive than a topographic survey in as- 
certaining rain-fall ? 

Captain Dutton. Oh, no, sir. 

Senator Jones. That is the question I asked. 

The Chairman. The captain meant sufficient topographic work to 
ascertain the area of the water-shed. That amount of topographic 
work would not cost as much as the topographic work. 

Captain Dutton. I think I can get a rough approximation of almost 
any water-shed from existing maps. 

Senator Jones. Is that sufficient for practical purposes? 

Captain Dutton. Yes, sir. 

The Chairman. Then there is another thing which, it seems to me, 
yon would want to know in planning for a dam. You would not only 
want to know the amount of water that would come down in flood- 
times, approximately, but you would want to know the declivities of 
the water-shed, to determine how rapidly it might come down. 

Captain Dutton. Yes, sir. 

The Chairman. Could the engineers in the field also make allowance 
for the declivities of the water-shed and judge of the probabilities of 
fitrain npon the dam, so as to make allowance for it ? 
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Captain Button. They could get some light upon that subject 

The Ohaieman (interposing). Would a topographic map give yoa 
some light ? 

Captain Dutton. Yes, sir. 

Senator Jones. Is it indispensable! 

Captain Dutton. It is not indispensable. 

The Chairman. When they were making the survey could they take 
the altitude with suflScient accuracy to form a reasonable judgment of 
it! 

Captain Dutton. Yes, sir. We have no difficulty in getting alti- 
tudes in a few hours, or in a day or two at the farthest, with all the ac- 
curacy that topographers get it, because the country is now so com- 
pletely covered with railroads. Topographers are obliged to rely on 
the railroads as a starting point for their data, and engineers can do 
that as well as topographers. If a case arises where the locality is very 
remote from a railroad he can get his altitude in precisely the same way 
the topographer gets his, that is, by a mercurial barometer. That is a 
rouglj way, but it gives the altitude with a fairly satisfactory degree of 
approximation. 

Senator Jones. How long a system of observation does it require in 
the basin of a stream to determine the minimum water-fall and the 
maximum waterfall ; I mean for practical purposes ? 

Captain Dutton. It takes a great many years, Senator. Hydro- 
graphic observations once begun should be conducted without inter- 
mission for a long period of years, and I think that as soon as practi- 
cable the States themselves, or possibly the irrigation districts, should 
have that business gradually turned over to them and devolved upon 
them. It is their business, their province. Sooner or later all the irri- 
gation must come 

Senator Jones (interposing). What do you think was the cause of 
the accident in Arizona the other day If 

Captain Dutton. An insuflacient waste- weir. 

Senator Jones. That is not the point I had in mind. What was the 
cause of the engineer making tiiat mistake? I assume that he was 
competent, tbat he knew his business, that he knew the size of waste- 
weir necessary to ^carry off the water ; but it seems that more water 
came down than he calculated on. Now, no matter if he had been gaug- 
ing that for a long while, he could not, of course, know how much water 
would come down in an excessive flood unless a flood came during his 
observations. The question is whether you can arrive at such informa- 
tion by observations of the flow of the stream as to enable you to rea- 
sonably guard against accidents to works of this character, or whether 
it is necessary' to have an examination of the country and know the 
area drained and the steepness of the water-shed, the amount of water 
that falls in an average year, and all that — whether that would be a 
more accurate way of guarding against destruction from floods than to 
depend on the gauging of the streams. 

Captain Dutton. The case of the Walnut Grove Dam, I think, brings 
out your suggestion very forcibly. There was a water-shed of about 325 
square miles. Under any ordinary circumstances, under any ordinary 
rainfall, there would have been no danger of overflowing that reser- 
voir; but, on the other hand, those who have been acquainted with Ari- 
zona for a considerable number of years are aware that every now and 
then there comes an exceptional storm, and engineers who have made 
a special study of the subject of reservoirs and the storing of reservoirs 
are well aware that when the precipitation comes very rapidly and very 
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suddenly there is a tendency to a definite ratio between the amount of 
rain-fall and the amount of run-ofP, so that there is a possibility of mak- 
ing a computation of the amount of water that is likely to flow into a 
reservoir when the rain-fall exceeds a given amount in a given number 
of hours ; and, now, it seems to me that the engineer who had charge of 
that work should have studied that problem more than he did ; that he 
could have foreseen that there was a liability of such a rain-fall, and the 
precedents which have been given by the English engineers in India 
and by the Italian engineers in the Piedmont should have been ample 
to warn him of the possibility of such an accident as that. 

Senator Keagan. Was there not some defect about the masonry ? 

Captain Dutton. I think not. 

Senator Moody. How large was that dam ? What was the length, 
width, and height of it ? 

Captain Dutton. The dam was 110 feet high. The bottom of it I am 
not accurately informed about. 1 have made some inquiries on the sub- 
ject, but have as yet received no reply. I understand, however, that 
the basal dimensions were ample. It belongs to a type of dam which 
has become very popular in California of late, which is known as the 
loose-rock dam. There are some great advantages about a loose-rock 
dam. A leak is of very little consequence. 

Senator Moody. For what reason f 

Captain Button. Because the water which flows through the front 
of the dam flows through the back, through the interstices of the stones, 
and exercises no internal pressure. If water gets into a dam constructed 
of masonry — gets inside — it is likely to burst it by hydrostatic pressure 
and destroy it ; but in a loose-rock dam there is no danger of that 
kind. 

Senator Moody. "No danger of undermining? 

Captain Button. Ko danger of the undermining or bursting of the 
dam. 

Senator Moody. At what point trom the bottom did this break oc- 
cur? 

Captain Button. It occurred at the top, by the overflow of the dam. 
The waste-weir being insufficient to carry off the water, it began to 
overflow. If you have a dam of such great height as that and the wa- 
ter is permitted to overflow it, its destruction is absolutely certain. 

Senator Moody. A fall of water 110 feet makes a pressure of how 
much to the square inch ? 

Captain Button. Well, it depends whether it falls unchecked or is 
checked. 

Senator Moody. Unchecked, as it would flow over a dam. 

Captain Button. The pressure would be terrible It would be a dif- 
ficult matter to compute. Its destructive power would be great. 

Senator Moody. I desire to ask a question on another branch of the 
subject. You say there was $110,000 of this $250,000 that was assigned 
to the engineering and hydrographic surveys ? 

Captain Button. Yes, sir. 

Senator Moody. And $120,000 was assigned to the topographic sur- 
vey t 

Captain Button. Yes, sir. 

Senator Moody. Can you state generally for what the balance of the 
$110,000 was expended 1 

Captain Button. There was allotted to Montana, $9,500 ; to Colo- 
rado, $19,500; to New Mexico, $8,500 ; to Idaho, $ 10,000 ; to Nevada, 
$15,500; to California, $13,000 ; making $70,000 for engineering work. 
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Thirty-four thonsaud dollars was allotted for the hydrographic work, 
making $110,000. 

Senator Moodt. Oomtnencing with Montana, please state where and 
in what work that was expend^ 9 

Oaptaiu Dutton. A large proportion of it was expended in making 
surveys of the Sun Biver Valley and in making reconnaissances of the 
Yellowstone and the Three Forks of the Upper Missouri and the country 
lying between the Yellowstone and the Missouri Rivers. 

Senator Moody. What practical work was done in the Sun River 
Yalley f Were any reservoir sites selected or lines of canals or ditches 
runt 

Captain Dutton. There were ten reservoir sites first selected, of 
which one was rejected, as being impracticable. The remaining nine 
were carefully surveyed, and the dam sites were thoroughly contoured 
on a very large scale, and the survey brought to such a condition that 
estimates of the cost of construction can be made at any time, whenever 
a Board of Engineers can agree upon what is the most suitable form of 
dam to be constructed. There is a high-line canal, taking water &om 
six to nine reservoirs, which constitute a system, and bringing the 
water out upon the bench lands above Sun Eiver, where it can be util- 
ized. 

Senator Moody. Do you take the water from all those reservoirs into 
one canal — one general canal — or do you run a canal from each one of 
these reservoirs t 

Captain Button. A high-line canal takes the water from all the 
reservoirs ; so they are practically one system. 

Senator Moodt. Is that the mode of expenditure of the balance of 
the money, generally speaking, in all the States and Territories you 
have mentioned? 

Ca[>tain Button. That is not the exclusive method of the engineer- 
ing work. In the Arkansas Yalley the work has been somewhat differ- 
ent. It has there been devoted partially to the same end, that is, to 
devising a unified scheme for the maximum development of the irriga- 
tion possibilities of that hydrographic basin. 

Senator Moody. That is, selecting sit€^ f 

Captain Button. Selecting sites and estimating the cost of constrae- 
tiou. 

Senator Moody. Carefully surveying the sites t 

Cnptain Button. Yes, sir. 

Senator Moody. Locating the sites of dams f 

Captain Button. Yes, sir. 

Senator Moody. What else t 

CapUiin Button. Preparing surveys which can be utilized at any 
time. 

Senator Moody. Which can be utilized for the distribution of the 
watei"8* 

Captain Button. Yes, sir. 

Senator Moody. Outside of that what 8i>ecial work has been donef 

Captain Button. In addition to that there has been the selection of 
a large number of possible reservoir sites, which up to the present time 
have not been co-ordinated with any particular system, but which may 
be 00 ordinated at any f^iture time. Furthermore, there has been a con- 
siderable amount of money expended in the segregation of irrigaWe 
lands. 

Senator Moody. What do you mean by the segregation of irrigable 
lauds ! Bo you moan the asoertainuient of the areas of the lands that 
are susceptible of irrigation ! 
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Captain Button. The law provides, as you will remember, tbat all 
of the lands which are rendered susceptible of irrigation by such 
hydraulic works as are mentioned in the law are withdrawn from occu- 
pation, sale, and entry. Of course it is necessary to specify what those 
lands are, giving the township, range, section, quarter section, etc. 
Now there are a great many lands about which we are uncertain, but 
there are still others, of very large extent, about which no uncertainty 
exists, and it was deemed best to take those instances where no uncer- 
tainty existed at all and have them reported to the Secretary of the 
Interior for withdrawal from*eutry, occupation, and settlement, and do 
it promptly. 

Senator Moody. Tou have ascertained, then, by your surveys, the 
areas of lands susceptible of irrigation and that can be brought under 
irrigation by means of this system of reservoirs and distributing works 
that you have been planning ? 

Captain Button. Yes, sir. 

Senator Moody. And marking upon the ground? 

Captain Button. We took the Land Office surveys. They are 
marked on the ground, in most cases. We took the Land Office plats, 
and from draughts of the Land Office plats we made our own draughts 
and certified them to the Bepartment. 

Senator Moody. Bo you do that by survey or mere observation ? 

Captain Button. By sending a competent party upon the ground to 
identify the corners. 

Senator Moody. Will you state generally, as briefly as you can, how 
the $120,000 which was assigned to the topographic service has been 
expended 9 

Captain Button. I only know in a general way where the field-work 
has been 9 

Senator Moody. I am only asking for the information you have 
gathered from your familiarity with the office work. 

Captain Button. 1 can only state that from my general knowledge 
of where the work has been carried on. There have been a number of 
field parties at work in the Sierra Navadas, along the boundary line be- 
tween California and Kevada. There has been a field party at work in 
the Snake River Valley, in the vicinity of Idaho. There has been a 
very large field party, or series of parties, at work in the Arkansas Val- 
ley in Colorado. There has been another large party at work in the 
valley of the Yellowstone and on the upper forks of the Missouri, — 
and ayearago — I am not certain whether it is within the present year or 
not., but a year ago there was a party at work in the Rio Grande Valley, 
in New Mexico. I am not certain whether they have been continued 
during the present fiscal year or not. 

Senator Moody. What work do these parties do that is of value so 
far as the purposes of irrigation are concerned, except to furnish these 
information maps that you have spoken of, that you take and then go 
upon the ground to locate absolutely the reservoirs by actual surveys I 
What service have they performed in the direction of irrigation ! 

Captain Button. Well, there are two stand-points from which that 
qnestion can be answered. 

Senator Moody. I would like your views upon it. 

Captain Button. I think I had better answer it--. — 

Senator Moody (interposing). What lam trying to get at is this: 
I would like to know, if the committee has the patience to allow me— - 

The Chairman (Interposing). Certainly. 

Senator Moody. I would like to know how much of this $250,000 has 
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been expended for the purpose of irrigation and how much has been 
expended for the purpose of mapping and platting the country. In that 
light I would ask you, captain, what work the topographic parties have 
done. 

Captain Dutton. I think the best answer I could give you would be 
to try to explain the matter from the stand-point of the Director him- 
self. 

The Chairman. Give the engineers' views and the Director's, both. 

Senator Jones. It seems to me that you are likely to bring about 
contusion here. A topographic map may have great value in many 
different ways. It may or may not be necessary to have it for the pur- 
poses of irrigation. 1 do not believe you can have an intelligent method 
of irrigation without a topographic survey ; but when a topographic sur- 
vey is made it can be 

The Chairman (interposing). We want his view. 

Senator Mqody. I understood the captain to say^ — and I may have 
misunderstood him — that the topographic surveys which were impor- 
tant for irrigation purposes were made by the engineering surveys. 

Senator Jones. He said those that were indispensable. 

Senator Moody. They^must have these vertical surveys. 

Captain Dutton. And on a very large scale. 

Senator Moody. On a very large scale ; in other words that the mere 
togographer does not undertake to tix with any degree of accuracy the 
line of any canal or the altitude of any place, except for mere topo- 
graphic purposes, and that after he is through with his work, or if he 
does not do the work, the engineering corps that is engaged in locat- 
ing dams and reservoirs, and canals lor the distribution must go ui>uu 
the ground and make exact and accurate surveys. Of course every 
man understands that if you are going to run water from a reservoir 
you have to run some sort of levels, and run them with accuracy, and 
that a mere topo^^iapbic survey will not do; but the topography yon ' 
speak of, as I understand it, is that topography which comes from these 
accurate survey by engineers. Am 1 correct ? 

Captain Dutton. That is correct ; entirely so. To answer your ques- 
tion as you originally put it, I would say this : It was the Director's idea 
originally to have a topographic map constructed with a degree of ac- 
curacy which would be sufficient to enable engineers to dispense with 
costly and cumbersome i>arties of trausitmen and levelers, and to pro- 
duce maps which, taken in the hands of the engineer and carried into 
the field, would enable him to lay down his canal lines with as fair a 
degree of accuracy and certainty as if they were actually run by transit 
and level. That was his way of making an irrigation survey. I think 
that the Director was under a misapprehension as to the degree of ac- 
curacy in his maps which was attainable by the methods actually used 
by the topographers and under the requirements which weie laid u])0ii 
them. My belief is that no such degree of accuracy as would be neces- 
sary for the engineer was at all attainable by the methods adopted by 
the topographers, and I am quite confident that the topographers think 
the same way themselves, with the possible exception of Professpr 
Thompson. That was the Director's desire in having a topographic ' 
map made. 

The Chairman. Kow, give the engineers' side of the question. 

Captain Dutton. The engineers' side of the question, I suppose, 
would be this: That a topographic map can not by any possibility be 
made with any such degree of accuracy as is required for the crudest 
aud most general purposes of the engineer. In the next place, the 
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requirements of the engineer are for a very large scale raap, a map 
merely of a strip of ground a few hundred feet wide along the path of 
his traverse ; also for a very detailed map, on a scale never less than 
200 feet to the inch, and most generally 100 feet to the inch, sometimes 
50 feet to the inch for dam-site purposes. This minute survey on a 
very large scale is to enable the engineer to take the map into his 
ofBce and estimate quantities, as we say. Similarly, also, the survey 
along the line of his traverse on a very large scale is necessary for pre- 
cisely the same purpose as the railroad engineer makes it, in order to 
be able to estimate the quantity of excavations he has got to make and 
how to adjust his cuts and fills. 

Senator Moody. Pardon me for referring to another subject. What 
is the lowest grade of flow which you provide for in the canals or 
ditches to which you have referred ? 

Captain Button. The lowest grade that 1 know of for a canal is 
about eight-tenths of a foot to the mile. The tendency among engineers 
is to adopt lower grades than they used to in high line canals, and if 
the countrj'^ and economy of work will admit of it^ they now prefer 
rather lower grades than they have ever used before. 

Senator Moody. How much is that to the rod ? 

Captain Button. I should have to apply the arithmetic to it. It 
would be a very minute fraction of an inch. 

Senator Moody. Now, with that fall of grade what is the percentage 
of evaporation as the water passes through the canal ; or let me ask, 
primarily, what is the degree of evaporation I 

Captain Button. There is no way of stating evaporation, Senator, 
except-^ — 

Senator Jones (interposing). In proportion to the surface. 

Captain Button* There is no way of stating evaporation except by 
ascertaining the amount of water evaporated in a given time, so many 
hundredths of an inch in a day, or so many inches in a month, or so 
many feet in a year. That is the only way in which we can state evap- 
oration. 

Senator Moody. I have heard it asserted by hydraulic engineers that 
the average evaporation in a canal or ditch running slowly, as you have 
indicated would be the case, of course with a fall of eight-tenths of a 
foot to the mile, was about 3 per cent, a mile. 

Senator Jones. Three jyer cent, of the volume of the water *? 

Senator Moody. Yes, of the water in the canal or ditch. 

Captain Button. When I say that eight-tenths of a foot to the mile 
is the smallest grade that I know of I do not wish you to understand that 
is the grade tor any great length of a canal. It is for only a certain por- 
tion or section of the canal, where certain reasons necessitate the use of 
a minimum grade. A minimum grade should not be resorted to in all 
cases. What the engineer wants is a grade which will enable him to 
get his water from the source of supply to where it is required in the 
shortest possible time. If he gets his grade too great, it will wash out 
his canal ; if he gets it too low, it will increase the cost of construction. 

Senator Moody. The extent of evaporation depends largely upon 
the surface which is covered by a given amount of water H 

Captain Button. It is always in proportion to the surface, other 
things being equal. We consider that evaporation depends on three 
quantities: The first is the temi>erature of the watery the second is the 
absolute humidity of the air. There is still a third, the rate at which 
the wind is blowing, the wind factoi* being really the most important 
and the most difficult to handle. 
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Tilt! Chairman. I fleaire to ask ouo or two questions, ami I want to 
call tim attention of tbe committee to tbis matt4.n-. In coiistnu'tiN^ 
dams in nortbem Arizona, Nevada, New Mexico, parts ol' Utah, ui<ii 
purls of Idaho, where they have cloud-bursta in snmmer and violent 
storms sometimes in winter, that produce unusual floods, would any 
general topographic surrey be of as much use to you as a particular 
examination of a given stream, with a view of ascertaining the evidences 
of what had happened there in the way of floods iii the past I For ex- 
ample, if you have Ijeen through that country you have seen j»lace.s 
where tiiese cluud~burst8 to which I have referred have occurred, car- 
rying down immense rocks weighing hundreds of tons and gullying out 
deep ravines in the bald mountains, where the precipitation generally 
starts. Are there not evidences on theground \^hlch would warn a per- 
son familiar yith the country to build no dam under any circumstances 
iu certain places, no matter what the topography might indicateT Are 
there not such places T 

Captain DuT TON. Plenty of them. 

The Chaieman. Where any dam would be torn out. I have in mind 
a canon in California — Pauamint CaSon — which ia very narrow and 
very steep. At the foot of that caiiou there are iuiinenMe rocks, some 
of them 50 or 60 feet high, which have been carried down through the 
canons by the floods, by tUese cloudbursts which prevail there, which 
occur frequently. To build a dam there would be lolly. Now, when 
you deal with that country is if not more necessary than anything else 
to observe the evidences on the ground, ascertain the experience of those 
who have lived in the region, and if you are going to utilize that water 
take the water out of the stream and build your reservoir somewhere 
else ! In dealing with a country like Arizona, is it not one of the first 
thitigs til do to see what nature has already done and avoid those places 
wlii'H' these cloud-bursts have occurred, and would a topographic map 
be of very much use to an engineer who is sent on the ground to find a 
safe iflacc to locate his dam f 

Captain DUTTOM. It would not be of any special uso. 

The Ceaibman. It would be convenient to show the geography t 

Captain DUTTON. Yes, sir ; but when it comes to practical work, it 
would not be of any particular nse. 

The Chaibman. What delay would be necessary iu this work if we 
should wait for sufficiently accurate topographic surveys to precetle the 
engineering worki 

Captain Dutton. A good many years, unless the topographic aur- 
ve,i' was conducted so as to meet the wants of the engineers at the very 
start. 

Thi' Chairman. Is there' any topographic survey now in existence 
that i< sufliciently accurate for use in locating a dam ami line ditch 
witliuut this same engineering work which you speak of? 

Captain Dutton. I think that probably some of the English ord- 
nanif survey maps might 

Till' Chairman (interiwsing). I mean in this country that has beeu 
iiiaih' by any of the surveys you have mentioned! 

Ca]i[ain DuTTON. I do not think there is. 

The Chaibman. Ton are familiar with what has been done. Take 
for example this district. Do you know of efforts having been made to 
secure an accurate topographic map of this ? 

Captain Dutton. I know the Coast Survey made some good maps 
during the war, and I think the city engineer h^ run some careful sui- 
veys. 
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The Chairman. Has not the Ooast Survey been at work for the last 
few years in trying to make an accurate map ? 

Gaptain Button. Possibly they have. 

The Chairman. You have uot seen that map ? 

Captain Button. No, sir. 

The Chairman. Bo you know whether that map of the.Bistrict of 
Columbia, on which they have spent so much money, is sufficiently^ ac- 
curate for locating a line of railroad, or a ditch, or a dam ? Could you 
do those things by that map without engineering work ? I suppose 
that is the best map we have in the United States. 

Captain Button. I would have to study the map before I could form 
an opinion. 

The Chairman. You have not studied the map I 

Captain Button. No, sir. 

The Chairman. Then we need not, in your judgment, wait for the 
topographic survey to prosecute what surveys are necessary for im- 
mediate use. 

Captain Button. I do not think it is ne'trjssary. 

Senator Reagan. Captain, has the hydrographic and engineering 
work covered the whole ground of the topographic; work? If it has 
not, what proportion of the topographic work has been covered by the 
hydrographic and engineering work? 

Captain Button. While the topographic and engineering work are 
in most cases in the same neighborhoods, the only case of actual coin- 
cidence is in the Arkansas Valley. The topographic work was com- 
menced there about a year and a half ago, I think, and the engineering 
work only last summer. In all other portions of the West the two fields 
of labor have not coincided. 

Senator Eeagan. If you should take a topographic map, according 
to the way the work is now being done, could you not lay down a com- 
mon road or railroad by it f 

Captain Button. You could point out in a general way, perhaps, J L 

where a common road might be laid out. I think, however, there are ■ *' 

some portions of a topographic map where that would be very doubt- 
ful. As to a railroad, I should say no. ' It would not dispense with the 
necessity of a railroad survey. 

Senator Eeacjan. You could get the general line of a railroad from it*? 

Captain Button. Well, in a general way you could. I think so. 

Senator REAaAN. Can you take a topographic map and select any 
particular stream and determine the catch basin of that stream by it 
and the amount of land that would be irrigable? 

Gaptain Button. No, sir ; you would have to go over the ground to 
ascertain the amount of irrigable land. 

Senator Reagan. Where it i« above 4 feet altitude you could get ^- 1] 

the place where your reservoir would have to be located, you could get 
the size of your catch basin, and you could determine what lands are 
lower than your dam t 

Captain Button. They only make the maps with 20-foot contour. 

Senator Beagan. Then I have been wrongly informed at the Bepart- 
ment, for I was told there that they had made the maps on a 4-foot 
oontour. 

Captain Button. Possibly it may be that in the Mississippi Yalley. 

Senator Seag-AN. No, I am talking about the Western country. 

Gaptain Button. It is a 20-foot contour, unless they have changed 
without my knowledge very recently. I know a few months ago it was 
understood to be 20-foot contours in the valleys, SO-foot in the foot-hills, 
and 100-foot in the mountains. 
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Senator Jones. You say a topographic map is of very little value to 
the engineer in locating irrigating works. 

Captain Dutton. I think they are of only general value. 

Senator Jones. And are by no means necessaiy. 

Captain Button. I do not think they are necessary within the mean- 
ing of the law, and yet there is this to be said about it : The term ** ne- 
cessity " has a practical interpretation ; is not easy to define. We are 
every day certifying that certain things are necessary on our bills and 
on our vouchers. While in a certain sense and in the ordinary accepta- 
tion of the term they are necessary, in an absolute sense they are not. 

Senator Reagan. What is the use of a topographic survey ? 

Captain Dutton. To furnish general information about the country 
and a knowledge of the laws of distribution. 

Senator ReaGtAn. Has the Government made a mistake in authoriz- 
ing these topographic surveys I 

Captain Dutton. No, sir ; I think not. I think no money has been 
better spent. 

Adjourned. 



Department of the Interior, U. S. Geological Scrvky, 

Waahingtofij D, C, March 31, 1890. 

Dear Sir : I have the honor to acknowledge the receipt of your letter of 29fch in- 
stant, desiring lue to inform you concerning the expenditures made in the Geolog- 
ical Survey under the appropriations made in 1888 and 1889 for irrigation surveys, viz : 

First. Of the exact amount of the two appropriations of 1888 and 1889, the first for 
$100,000 and the second for ^250,000, which was assigned to topographical work and 
to engineering surveys lor irrigation purposes, and how much has been used in the 
office for topographical work and how much for the work of irrigation. 

Of the first appropriation for $100,000, the sum of $40,000 was at first allotted for 
engineering and hydrographic work, but 'at a later period $4,000 of this snm was 
transferred to the allotment for topographic work, making the allotment for engi- 
neering and hydrographic work $36,000 for the fiscal year ending June 30, 1889. A 
sum of $4,000 was understood to bfe reserved by the director for office expenditures. 
The amount finally allotted for topographic work 1 understand to have been $60,000. 
As regards the last two items, however, my statement is not necessarily conclusive, 
since 1 have had no formal or official notification thereof. As to how much has been 
used in the office for topographical work and how much for irrigation work, I can 
not give a complete answer except by stating the general nature of the case. 

There are numerous expenditures, such as heating, lighting, watchmen, messen- 
gers and clerks in the Director's office, purchase of stationery, printing, express 
charges, carpenter work, repairs, etc., which are for the common benefit of all 
branches of work under the Director's administration, and it would be impracticable 
to charge these expenses to the several allotments except in an arbitrary way. They 
become, therefore a charge against the reserve funds which are divided off from each 
appropriation. Moreover, it is usually the case that expenses slightly overrun the 
the allotments, and the excess is paid from the reserve fond at the end of the fiscal 
year. The work under my charge overran the $36,000 allotted by the amount of 
$743.33. How much the topographic work overran its allotment I do not know. 

During the present fiscal year the sum of $110,000 ha sheen allotted for the engi- 
neering and hydrographic work. My understanding is ( though 1 have not been in- 
formed officially to that efiect) that $1*20,000 has been allotted to topography and 
$20,000 held as a reserve fuud. To what extent the allotments will have to draw on 
the reserve fund at the close of the year can not, of course, be exactly foreseen at 
present. Up to this date there are charges for work under my control amounting to 
$3,667.44 which were not estimated for at the beginning of the fiscal year and which 
will become a proper claim against the reserve fund. I do not now see any reason 
to expect that this amount will be materially increased. Of the state of the topo- 
graphic allotment I have no information. 

K I rightly apprehend the purport of your first inquiry, your desire is to know 
what disposition has been made or is intended to be made of the three portions 
(engineering, topography and reserve) into which the appropriation has been divided 
by the discretionary action of the director. With that understanding, the nearest 
approach which 1 can make to the exact information you seek is as follows : 
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From the first appropriation of $100,000, $36,743.33 ha<re been explicitly expended 
for the en^rineering and bydrographic work. For the topographic work, I understand 
that $60,000 have been allotted and presumably expended. Of the remaining $3,492.23 
I have no knowledge beyond the fact that there have been numerous sources of 
necessary incidentalexpenditure to which it may have been applied for the common 
benefit of both the engineering and topographic work without being distinctly charge- 
able to either one alone. A portion of it might also have been available at the end 
of the fiscal year to meet expenses in excess of the allotment for topography. 

Second. Yon fnrther inquire how much of the entire expenditure was for topo- 
graphic work during the last fiscal year in the region west of the one hundredth 
meridian and whether the topographical work of the arid region since the appropria- 
tions for irrigation has been carried on with money for topography or with money ap- 
propriated for irrigation. 

I have not the full information and knowledge which are necessary to give an exact 
answer to this question or to furnish the figures. But in general terms, I understand 
that on July 1, 1888, topographic parties were at work in the arid region under the 
a])propriation for topography only, and continued to work so during the remainder of 
the Slimmer. The first appropriation for irrigation became a law on October 2, 1888, 
and within a very few weeks parties were put to topographic work in the Arkansas ba- 
sin at the expense of the irrigation appropriation, and in the spring other parties took 
the field in California, New Mexico, and Montana under the same appropriation. 
During the current fiscal year my understanding is that all of the topographic work 
of the arid region has been at the expense of the irrigation appropriation and that no 
portion of the topographic appropriation has been expended there. 

Third. In what section was the first $100,000 appropriated for irrigation expended 
in engineering work for irrigation and what amount of irrigation survey was com- 
pleted with the first appropriation and what area of land was covered f Where has 
such portion of tbo second appropriation as was assigned to irrigation been expended, 
and what was accomplished in each district f 

Immediately after the passage of the appropriation October 2, 1888, measures were 
taken for organizing the bydrographic work. As the funds could not become avail- 
able until the Ist of November, when the winter would be upon us, it was deemed 
unwise to immediately organize the engineering work. For the bydrographic work 
skilled men of high intelligence were necessary, and there were probably not two 
dozen men in the United States who knew how to gauge a stream, and not one of the 
few who did know were available. It is an art requiring manual skill, the intelli- 
gence of an educated hydraulic engineer, and the temperament of a somewhat scien- 
tific observer and manipulator. Neither was there any well-established and generally- 
accepted method of stream gauging, nor any stand £urd instruments. In short, there 
was no regular practice. It was necessary, therefore, to create men, methods, and 
instruments. It was believed that good ganging would be impracticable in winter- 
time, and of little value even if it were practicable, and hence that no better course 
could be followed than to select promising, well-educated, and ambitious young men, 
put them into a camp of instruction in a moderately warm climate during the four or 
five months of winter, and let them acquire the necessary skill, work out methods of 

ganging, and ascertain by trial the best kinds of instruments to be used. This was 
one. A good comfortable camp was established on the Kio Grande in New Mexico, 
and fourteen young men sent there early in December. They applied themselves 
with great zeal and interest, and with two or three exceptions proved to be most ex- 
cellent men. When the spring approached I had about a dozen men at my command 
who koew what was wanted of them and how to do it. Up to the 1st of April the 
expense of the work for all purposes was $10,400. The men were then distributed to 
their stations ; two in New Mexico, two in the Arkansas Valley, one in California, 
one in Nevada, two in Utah, one each in Arizona, Idaho, and Montana, and one at El 
Paso, Tex. Gauging stations were established in the following basins : 

Rio Grande and tributaries, 6 stations ; Gila and Salt Rivers, 3 j Carson and Truckee 
7 ; rivers of Utah, 14 ; Snake River basin, 5 ; Upper Missouri and Yellowstone, 12 ; 
Arkansas basin, 6. 

Evaporation stations were also established at £1 Paso, Phoonix, Yuma, Clear Lake, 
California ; at several localities in Utah, two in Idaho, five in Montana, and two in 
Colorado. About seventy special stations were established at high alti tudes in Arizona, 
Kew Mexico, and Colorado for observing rain and snow fall at places not reached by 
the Signal Service. Many hundreds of gangings were performed and a large amount 
of special inquiry made into the duty of water. At the close of the tibcal year the 
work was progressing in a highly satisfactory manner except in the Carbon and 
Truckee basins, and though the work here was not what was ex>jected it has pro.ed 
to be less faulty than was at one time feared. Kvery where else it has been better 
than was anticipated for the first season. ■ 

The engineering work was not organized until spring, first, because winter work 
is undesirable unless an emergency demands it, and, second, because the allotment at 
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iny disposal was insuflScient to accomplisli any \\'ork of much value. In May two 
superyising engineers, Messrs. Hall and Nettleton, were appointed, and four division 
engineers, Messrs. Foote. Bodfish, Bridges, and Wilson. The funds remainiug avail- 
able would not admit of more than buying the outfits and putting the parties in tbe 
field in time to accomplish three or four weeks' work, t. «., just make a beginning of 
their work, by the time the fiscal year closed. The parties were launched in the Ar- 
kansas basiu under Mr. Bodfish about June 1 ; in the Snake River basin under Mr. 
Foote about the middle of May; iu Montana uuder Mr. Wilson about Jane I; aud 
in the Truckee basin under Mr. Bridges about the middle of June. At the close of 
the fiscal year it may be said that something had been begun by the engineers bat 
nothing had been completed. 

The 00 ly segregation work was the withdrawal of Utah Lake and Bear Lake as 
reservoir sites, which were carefully surveyed for that purpose by two of the hydi-o- 
graphers. 

The total cost of the engineering work, including all expenses, direct and indirect, 
up to June 30, 1889, was 87,500.19, of which the greater portion was for the outfitting 
of the parties The total cost. of the hydrographic work and the expenses of my own 
office, including also the purchase of a large number of new instruments of a, costly 
kind, was $j29,193.14. 

Under the second appropriation the following wprk has been done : 

There have been practically seven divisions of engineering surveys, one of which 
was not anticipated at the beginning of the year, viz, Utah, but was opened in con- 
sequence of special orders of the Secretary of the Interior. 

First. Montana. Mr. Wilson began his work by an energetic reconuoissance of tbe 
valleys of the YeUowstone, the Gallatin, the Madison, and the Jefiersou, the Mis- 
souri between Bozeman and Great Falls, the Sun River, and the upper portion of 
tbe Musselshell. He went alone on horseback, with only a hand- level in his pocket, 
and in the course of a little more than three months reported sixty-three large reser- 
voir sites for withdrawal, and about 11,000,000 acres of land for segregation. The 
reservoir withdrawals were well done and satisfactory in every way. Question arose 
in my mind concerning the segregation of so vast an area (aboat 17,500 square miles), 
but a careful examination ot his report, iu conjunction with a knowledge of the 
country, satisfied mo that the doubtful questions were whether he had not omitted 
land which he should have included, rather than included laud which he should have 
omitted. 

Mr. Wilson soon reached the conclusion that some of the best lands in Montana 
might be watered by a system of reservoirs and canal, taking the flow of the San 
River. He immediately began a survey there. In the course of the season his as- 
sistant, Mr. J. B. Rogers, ran a preliminary line of a canal 80 miles long, surveyed 
ten large reservoirs on a scale of 500 feet to the inch, and dam sites aud waste- weirs 
100 feet to tbe inch, with 2 foot contours, all in sufficient detail to enable close 
estimates of cost to be made. It is a fine piece of survey work, and shows admirably 
how much can be done by intelligent projects and how great are the possibilities of a 
sound comprehensive, systematic development. The cost of the entire engineering 
surveys in the Montana division up to March 1, including expenses in field and 
office,' is $6, 574. 71. 

In the Arkansas division, Mr. Bodfish, under the immediate eye of Mr. Nettleton, 
was instructed to investigate the possibilities of increasing the useful wat^r supply 
of that river by storage, and of utilizing its return waters upon the plains near the 
Kansas line. He has surveyed in great detail ten large reservoir sites in tbe vicinity 
of Leadville and Buena Vista, also one on Monument Creek, near the base of the front 
range. He has examined all the tributaries on the north or left bank of the river for 
reservoir sites, reporting twenty-five of them for withdrawal. The southern tribo- 
taries would have been examined had not the premature coming of winter buried the 
country deep in snow. He has, I believe, exhausted the reservoir sites so far as he 
has gone. He has also run a canal line, starting from near Granada, above Garden 
City, a distance of 146 miles, to test the question of using the return waters in the 
river upon lands of western Kansas. The project of utilizing Twin Lakes for a reser- 
voir is a most promising one and the survey work has been done in a highly satis- 
factory manner. The total expenditure in this division up to March 1 is $9, 466. 13. 

In the Rio Grande division the engineering work was not started until Joly. Mr. 
W. W. Follett was appointed division engineer. He at once began the survey of a 
project for a dam and reservoir at £1 Paso, and completed his survey about the last of 
August. It included a contour and cross-section survey of the great reservoir basin, 
with close estimates of capacity ; sounding the quicksands in the bed of the river to 
ascertain the surface of the bed rock in two sections of the river ; a close survey 
of the two dam sites, aud a relocation survey of the Southern Pacific and Atchison, 
Topeka and Santa F^ railroads. His report of a project, with estimates of qnauti* 
ties and of cost, has been submitted. 

During the winter Mr. Follett has been engaged in the segregation of irrigable lands 
in the Rio Grande Valley iu New Mexico. He was instructed to proceed to the office 
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of the Surveyor-General in Santa F6 and prepare a compilation of the Land Office 
plata of that valley, and to then make a close detailed segregation, denoting all land 
grants, railroad gnijits and all claimed lands, section by section, and to verify the segre- 
gations npon the gronnd. Also, to select all possible reservoir sites and report them fot 
withdrawal, and all natural dam sites, whether on the main river or its tributaries. He 
was to begin his work at Fort Seldon and work northward to the Colorado boundary, 
cleaning np as ho went. He has sent weekly reports of his itineracy and lists of specifica- 
tionsof selected lands, and is now within about 60 miles of the Colorado line. He has re- 
ported about sixty reservoir sites. The amount of land reported I have not computed, 
but it will be some millions of acres. This careful segregation was deemed necessary 
here by reason of the tangle of ^ land grants and other claims in various stages of ad- 
judication. The cost of the El Paso Reservoir surveys was ^210.59. The cost of the 
segregation work up to March 1 was $1,744.10. 

In Ciilifomia a survey was made of Clear Lake to ascertain its possibilities as a 
storage reservoir. This was an extensive suryey and the work was of a high order 
and in the most thorough detail ; in fact, I think it will rarely happen that so exten- 
sive a survey will be called for. 

A well-equipped party was also sent into the mountains around the headwaters of 
the Stanislaus, Tnolnmne, and Merced Rivers to search for reservoir sites. Eight good 
sites were found and were surveyed.. Some doubtful ones were also discovered and 
marked down for further examination. 

A reconnoitering party of two men was sent into Lassen and Modoc Counties, east 
of the Sierras, to search for reservoir sites, and found two very large ones with a con- 
siderable water supply. This party expended a large amount of money and accom- 
plished but little. 

A fourth party was sent to Owen's Valley to segregate irrigable lands and examine 
the headwaters of the river for reseruoir sites. They were instructed to make a close 
segregation in the same manner as Mr. Follett was in New Mexico. They completed 
the segregation work in the lower valley for a distance of about 100 miles along the 
river firont and were about to proceed to the upper valley when the early severe 
storms set in and put an end to the work. Their results have been reported in a sat- 
isfactory manner as far as they went. The total cost of the work in California was 
$11,483.47 to March 1. 

In the Tmckee and Carson basins Mr. Bridges made detailed surveys of Donner, 
Independence, and Webber Lakes as reservoir sites. A survey was made for a reser- 
voir in Long Valley, with canals taking water across the Carson River to the lands on 
the east side of the Carson Valley. This last survey was not approved, nor vfs^s it 
authorized or intended. A survey was also made of Hope Valley atthe headwaters 
of the west fork of the Carson. A trial line was surveyed from a point about 5 miles 
above Wadsworth to the lands southeast of that town to ascertain the possibilities of 
carrying water to them from the Truckee River. A large amount of canal line was 
surveyed by Mr.Bridges, but as none of the others was authorized or approved no fur- 
ther mention is made of them. His management of his division being very unsatis- 
factory he was relieved from duty by me, and at my request was asked by the director 
to resign. The surveys of Donner, Independence, and Webber Lakes and of Hope 
Valley are of some value, but not commensurate with the expenditure. The accounts 
of the engineering work in this division were closed on the 30th of September, and at 
that time the expenditures were $13,495.36. Since that time further office expenses 
were incurred in the office of the supervising engineer? Mr. Hall, which bring the 
total amount to about $15,500. The exact figures it would require considerable labor 
to extract from the itemized vouchers. They ap^fear on my books with the expenses 
of the office of the supervising engineer. 

In Utah it was originally intended to do nothing but hydrographic work, but cir- 
cumstances forced other work upon us. Mr. Newell, as hydrographer, was found to 
be an object of great interest to the people of the Territory, who sought his official 
action with great eagerness. He was soon required by me to make a survey of Utah 
Lake, which was done in the preceding year. It soon became manifest that numerous 
other reservoir sites ought to be examined, and this was done and the sites were with- 
drawn but not surveyed. Later, an order was received from the Secretary of the In- 
terior to segregate the irrigable lands in Bear River Valley. Instructions were there- 
fore given Mr. Newell to make a close segregation, section by section, and to verify 
his work on the ground, and also to add to it some traverse and level work to clear 
np doubtful questions in some localities where disputes or complications by reason of 
existing claims and filings might arise. The work was speedily accomplished. Over 
2,000,0% acres were reported for segregation, and a plat of the work, based on the 
Land Office plats, was furnished and duly certified. The cost of the segregation work 
was $1,579.56. 

In Idaho Mr. Foote was nnstructed to survey thoroughly a project for a pair of 
grand canals, taking water from the Snake River at Eagle Rock, one branch running 
south to Pocatello, the other running west into the desert. This was to be only a 
angle feataie of a comprehensive system of canals and reservoirs for utilizing as 
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mncb of the water of the i iver as coald be stored iii addition to its natural flow. An 
excellent dam site with an ample waste weir was found at Eaf^le Rock, and a loci^ 
tion survey was began at once without any praliminaries on the left bank^ and car- 
ried 70 miles to Pocatello, where the line was tailed into the Portnouf. 

The line was carried on to the westward nearly to American Falls, where it was 
found to be impracticable to carry it further. A new line was started at American 
Falls, and carried only 14 miles, as it was found to be impracticable. Another line 
was surveyed from the Snake near Minedoka, but was not completed, owing to stormy 
weather. It was found to be practicable. 

Mr. Foote also made a reconnaissance up the forks of the Snake River in search of 
storage capacity. An Indeiinite amount of it was found at Jackson Lake, bat pres- 
ent appearances Indicate that the whole annual flow of the fork issuing from Jack- 
son's Lake would probably be not much more than 500,000 acre-feet, while the 
capacity of the basin is probably four or five times that amount. The dam site is 
excellent. 

Another grand reservoir site was found in Swan Valley, much lower down, on the 
South Fork. Here the flow of the river is very much greater. The capacity of this 
site is more than a million, and may be nearly a million and a half acre-feet, with 
plenty of water to fill it. A good dam site with an abundant waste weir exists. 
Another immense site was found on the Falls River Branch of the Snake where prob- 
ably 300,000 or 400,000 acre-feet could be very theaply stored. Several ocher large 
sites were found, but not sufficiently examined to enable statements to be made with 
confidence concerning them. 

Mr. Foote was further instructed to report all irrigable land in the valley of the 
Snake above American Falls for segregation, and he has reported over 10,000,000 acres. 

During the past month he has begun a location survey of the other canal, taking 
water at Eagle Rock on the other side of the Snake, and his parties at last accounts 
were in the field. Before the close of the present fiscal year it is expected that more 
than 100 miles additional of canal line will be surveyed. These location surveys of 
Mr. Foote are done in a very thorough manner, and his drawings are cross-sectioned 
and afl'ord the means of making estimates of cost. His plats have been received and 
are apparently excellent work. The total cost of the engineering work of this division 
up to March 1, has been |9,590.19. 

It remains to add the expenses of ray own office and those of the supervising en- 
gineers, of which separate accounts are kept. The salaries of the supervising en- 
gineers are included in them, my own salary being paid from the appropriation for 
the Army: Chief Engineer's office $7,119.39; Mr. Nettleton's office, $4,966.87 ; Mr. 
Hairs office, $7,151.50. 

My own office includes a disbursing agent, who does all the disbursing nnder my 
charge ; a single type- writer ; two draughtsmen, who prepare all the segregation work 
for the General Land Office, have charge of the engineering maps and drawings, their 
proper recording and filing, also of the hydrographic records and reductions and mis- 
cellaneous draughting work. 

As rejjards the hydrographic work during the fiscal year I may speak more briefly. 
Many of the chief rivers of the west have been put under thorough observation by 
gauging and by continuous records of rise and fall. They are the Arkansas, the Rio 
Grande, the Gila and Salt, the Carson and Truckee, all the rivers which flow into Salt 
Lake and Utah Lake, the Sevier River in Utah, the Snake with its forks, the Wood 
River and Lost River in southern Idaho, the Weiser, Payette and Owyhee, the Mis- 
souri, the Yellowstone, the Gallatin, Madison and Jefferson, and the Sun River. 
Many of these have observing stations at several points and on their minor tributa- 
ries not specified. We now have continuous records worked out, computed and ex- 
hibited in diagrams, showing their daily discharges for the whole summer and until 
the rivers were closed by ice. In the southern territories the records are continuous 
throughout the winter. The hydrographic work has, on the whole, gone on with 
better success than was expected at the start, and much credit is due to the young men 
who have accomplished it. The work, however, gives plain indications of being 
somewhat staived by reason of excessive bat unavoidable economy. But another 
year will, if permitted to continue, show a very great advance. The total cost of 
Ihe hydrographic work from July 1, 1889, to March 1, 1890, has been $19,9^4.72. 

The following is a summary of the work done and the cost : 

Reservoirs fully surveyed to estimates. 

Montana 10 

Colorado 10 

El Paso - 1 

California division 9 

Truckee and Carson : 5 

Total , 35 

Beservoirs reported for withdrawal 144 
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Canal lines fully svrveycd io esfimafes. 

Miles. 

8uak6 River Basin ir>7 

Arkansas River Basin 146 



Total 303 

Canal line^ roughly surveyed, 

Hiles. 

Montana, Snn River 80 

Trackee Basin 22 

Total 102 

Note. — Aboat 160 miles of canal line were surveyed in the Trackee and Carson 
Basins, but only 22 miles are accept'ed by this oMce. 

Number of acres of land reported for segregation, about 30,000,000. 

Cost of work. 



/. 






Hydrographic. 



Engineering work : 

Montana divieion 

Arkanaas division 

Kio Grande division... 
California division .... 
Tmckeo and Carson . . 

UUh 

Snake Kiver 

Sai>ervising engineers 



TotM engineering. 
Chief Engineer's office . . 



Aggregate 



First ap- 
propriation. 



$29, 103. 14 



1, 080. 11 
1, 308. 94 



605.01 
2. 314 01 



2, 242. 12 



7, 550. 19 



36, 743. 33 



Second ap- 
propriation. 



$19, 984. 72 



5,494.60 

8, 157. 19 

3. 954. 69 

10, 878. 46 

11,181.35 

1, 579. 56 

7,348.07 

12,118.37 



60,712.29 
7,119.30 



87, 816. 40 



Total 



$49,177.86 



6,574.71 

0,466.13 

3. 954. 69 

11, 483. 47 

13, 495. 36 

1,579.56 

0,590 19 

12, 118. 37 



68, 262. 48 
7,119.39 



124, 559. 73 



Very respectfully, sir, 

Hon. William M. Stewart, 

United States Senate, 



C. E. DUTTON. 



SIXTH day's session. 

Washington, D. C, March 14, 1890. 

The committee met pursuant to adjournment. 

Present, the chairman, and Senators Eeagau, Jones, Moody, and 
Casey. 

FURTHER STATEMENT OF DIRECTOR POWELL. 

The Chairman. Major Powell, the point that the committee desires 
your views upon this morning is as to the necessity of topographic si^r- 
veys preceding the engineering surveys for irrigation, the relation of 
the two classes of surveys, and whether the engineering surveys can be 
carried on independently of the other, or whether they are necessarily 
connected. 

Director Powell. Mr. Chairman, there are two branches of the sub- 
ject which I wish to present : First, the plans and methods of the sur- 
vey, as necessary to carry out the provisions of the statute ; and second, I 
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wisli to call attention to nail review ttio stittutcs ami the reports wbich 
I bave made to Congress on calls Irom tbe Senate winch represeut tlie 
needs of an irrigation survey, for the pariwseofahowiug that the worrt- 
iug of the statute and the representations made by me to the Cougresa 
prior to the passage of the statute are in harmony with what has actu- 
ally been done. That is, I wish to show, first, what the irrigation sur 
vey should be, what is necessary to be done, and the information requireiJ ; 
and second, to show that before the passage of the law I had fully set 
forth the facts to Congress, and that the wording of the statute calls for 
tlie work which has actually been done. 

The Ghaibuan. We are not complaining or what has been done. 
We simply want to know how" these stuveys are dependent upon each 
other. 

Director Powell. The^e two lines I would like to be heard npOD. 
l^rst, then, I wish to address myself to the question, what is necessary 
to t>e done in an irrigation survey, and how can tliis be done in the 
most economic manner f The statute provides, first, that the extent ta 
which the lands can be redeemed by irrigation shall be determined; 
second, that reservoir sites shall be selected -, third, that canal sites 
and sites of other hydraulic works, such as diverting dams, etc., shall 
be selected ; fourth, that tbe lands made irrigable by these hydraulic 
works shall be selected ; and, finally, that all of these sites and lauds 
shall be segregated — that they shall be selected on the ground, as I 
understand it, and be certified to the Land Office, in land-office terrns 
of township, range, section, etc., for the purpose contemplated in the 
law. In order to accomplish the end a survey had to be prosecuted and 
a series of discoveries made. These discoveries may be divided into 
three classes: Those relating to the laud — the catchment areas, thn 
sites for diverting dams and canals, the sites for reservoirs, and the 
irrigable lands. These necessities give rise to the topographic branch 
of the Irrigation Survey. Second, those relating to the water ; that is, 
it is necessary to determine the amount of water which can be used for 
irrigation in each hydrographic basin or area drained by one important 
stream and its tributaries. It is necessary to determine the menu 
amount of water for the irrigating season in each basin, and also tht: 
mean amount of water for the entire year, and it is also necessary to 
determine the minimum amount in seasons of excessive drought and the 
maximum amount in seasons of excessive rain-fall. It is also necessary 
to determine the amount of water required to irrigate an acre of land, 
that is, to determine the " duty" of water. The necessity for determin- 
iug all of these facts in relationto water gives rise to the second branch 
of the Irrigation Survey, that is, the hydraulic branch. Thini, those 
relating to estimates of the cost of dams, canals, and reservoirs. For 
this purpose the sites of the dams must be surveyed with accuracy and 
the constructive conditions as to the proximity and charaoter of mate- 
lials must be studied. The sit^s of the reservoirs discovered by the 
topographic survey must be carefully examined and plans for their con- 
struction made. The sites of canals, the general routes of which aro 
previously discovered by the topographic survey, must be carefully run 
upon the ground and marked, and the amount of cutting and filling 
determinecl, and the ground minutely examined for the puri)ose of dis- 
covering its character, whether it be in sand, clay, gravel, or solid 
roek, as all of these facts affect the cost of the work. Having studied 
these facts the cost of construction can be properly estimated. These 
three classes of work all relate directly to the Irrigation Survey. They 
are all required by the provision of the statute, and no one can be neg- 



THE director's ARGUMENT ON TOPOGRAPHY. 



153 



lected without disobedience to law. The three kinds of work give 
rise to three branches in its organization, which we call the topographic, 
hydrographic, and engineering branches. 

The topographic sarvey is the work primarily necessary to the dis- 
covery of sites, though it has another use in the hydrograpic survey, as 
will be shown when that point is reached. In investigating this subject 
for the purpose of determining the best and most economic method of 
discovering the various sites required, it was decided that a topographic 
survey was proper. If a specific reservoir site is already known, and 
the body of land to be served by the waters from that reservoir is 
already known, the simple problem is to find a way for a canal from the 
reservoir to the land. Such a survey would need only the work neces- 
sary to run a number of trial lines on the ground and then to select the 
best from these. But the problem before the survey^ was not to irri- 
gate some one man's farm from some one stream or reservoir site ; it 
was not to irrigate some particular piece of land to suit some particular 
person ; but the problem was to discover all of the reservoir sites, all of 
the canal sites, and all of the lands that could be irrigated in any given 
hydrograpic basin. How this could be done in the cheapest manner 
was the question which I had to solve. Having a specific reservoir in 
sight and a specific body of lands in view, and wishing to take the 
water from that reservoir to that piece of land, I can run trial lines and 
find the best route at the rate of about $25 per mile for each of the trial 
lines ; but the final line selected must be run again with great care ; the 
whole ground must be studied, very exact levels must be run, and all 
the characteristics of the line must be determined, in order that the cost 
of the canal may be discovered. But in the work of the irrigation sur- 
vey the reservoir sites, the canal lines, and the lands to be irrigated 
have all to be discovered — ten, twenty, fifty reservoirs perhaps in one 
hydrographic basin ; scores of canal lines, 10, 20, 50, 100 miles in length. 
To run many such trial lines over the ground for the purpose of select- 
ing a few would involve great cost. The system of discovering canal 
lines by a topographic survey instead of by a trial line survey is very 
much less expensive. Certainly it would not cost more than one-third 
of the amount. To discontinue the topographic survey and inaugurate 
a trial-line system would be to increase the cost of the work fully three 
times. In the same manner the reservoir sites are to be discovered, and 
their relation to the streams which furnish them water and to the lauds 
which they are to irrigate must be determined. Some of these reser- 
voir sites are in the mountains — the best are there; some are in the 
valleys and on the plains. They are therefore widely scattered through- 
out all parts of each hydrographic basin. To discover them by trial 
lines instead of topographic surveys with contours would be to increase 
the cost of the work at least three times. 

A hydrographic basin may furnish only a half a dozen good reservoir 
sites, or it may furnish two or three hundred, as the .case may be. Some, 
will be small, sufficient for reservoirs to hold 1,000 acre-feet of water : 
others will be great, sufficient for reservoirs to hold 1,000,000 acre-feet, 
or even 2,000,000 acre-feet of water. One reservoir site may be exces- 
sively expensive, another very economic; that is, it may cost $10 per 
acre-foot of water to store it, or it may cost but 10 cents per acre-foot 
of water to store it. It becomes necessary, therefore, for economy's 
sake, to select the best sites. In order to do this it is necessary to dis- 
cover all of the reservoir sites of each hydrographic basin. If I were 
to select a score of reservoir sites in a basin at random and have these 
reserved to be used by the people in the future, and it should be found 
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that balf, or luiioy, or all of tbem wtireiiot as good as other sites in the 
8ameba.siu, audtbat a system of rot^ervoirs could becouhtiucted to store 
tbo water for one-half or one fonrtb of the coat that would be required in 
tbe basiiis carelessly selected, tbe wliole work would be repudiated hy 
the i>eoi>le; it would bemislea^liDgiiiuliiiJiirioiis. It is therefore ueces- 
aary for me to know in each basin alt of tbe reservoir sites iu the baeiu, 
that the best may be selected. This means that 1 must know every 
valley in the basin. 

To illustrate the method of discovering these reservoir sites, I have 
brought with me the maps constructed by the topographic survey in 
tbe upper basin of tbe Arkansas in Colorado. These are tbe mapscou- 
strueted iu the field. On esaminatiou you will see that they are in 
coBtoar lines ; that tbe verlieal interval from one coutour to another in 
the valley regiou is 25 feet, in the hill regions 50 feet, atid in tbe moon- 
tain regions lOO'feet; It is not necessary to do tbe worlt in tbe mono- 
tains with tbe same degree of re&neuieDt as iu the valleys. For more 
thau twenty years I have l>een engaged in makiilg topographic snrvejs 
in coDDCction with the other work under my charge. l>uring that time 
I have employed a corps of men of ability and genius, and during that 
time I have topographically surveyed about a balf million square miles 
of country, on various scales and with varied degrees of reiiuemeut. 
Through the inventive genius of the men who^have been employed on 
this work new methods of survey and new instruments have beJen de- 
vised, so that the whole system of topographic surveying has been I'evo- 
lutionized, and to correspond with it the method of map constmction 
has been gieatly develojjed and improved. The work has been im- 
proved in quality and enormously decreased in cost; and gradually 
other nations of tbe world are adopting our system. 

The topographic survey which we are making in connection with the 
irrigation survey is in most particulars the same that we are makiug 
for the geological survey. The topographic work necessary for tbe one 
is necessary for the other, and we were making these maps for the 
Geological Survey belore tbe Irrigation Survey was inaugurated. The 
cost of the irrigation survey, therefore, was only tbe cost of what was 
additional to the work already in progress. The work of the irrigatioQ 
survey is, for the reasons I have stated, in the first place a topographic 
survey, because the sites for the works and lands are to be discovered, 
and it is tbe cheapest and best way of discovering them. In tbe maps 
before you yon will see that the topographers have discovered forty-three 
reservoir sites and marked them upon the maps. They are colored in 
bine. The contonr lines are colored in light red, as you see, and the 
reservoir sites are determined by the contonr lines. Each site repre- 
sents a valley basin, and in general terms, the height of tbe dam, the 
sise of the basin, and its capacity are revealed by tbe maps which the 
topographers have conslructed. From these about twelve or fourteen 
have been selected by the engineers as being, all things consideretl, the 
most eligible. The twelve or fourteen must be surveyed with greater 
care for the purposes already indicated, that is, to determine the cost of 
construction and to mark them upon the ground. That is tlie work of 
the enpinoeriug branch of the survey. In the Siime manner these maps 
reveal the general lines of tbe canals. They show, for example [indi- 
cating on the map], that the water from this reservoir can be taken alou^ 
this line to this body of land. Tbe map reveals other lines by which it 
can be taken and shows tbat this one is the best, and tbe engineers 
have selected it and have actually run it upon the ground and obtained 
tbe facta neceesary to estimate its cost. 
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When called upon by a resolution of tbe Senate for a plan for these 
aarvej^a, and by the appropriations cotnmittee for an estimate of cost, 
1 selected and recomraended this method of prosecuting: the work, be- 
cause I believed it wonld be the most economic; and 1 estimated the 
cost of the topographic work, in addition to what had already been done 
iu the country, to be about $4,000,000. In making this estimate I took 
into view the fact that already vvork had been done un<ler the general 
appropriation for the Geological Survey, and that that work would not 
have to be done again. I further estimated that to determine the amount 
of water in each hydrographic basin that could be used for irrigation 
and the amount of land which could be irrigated thereby would cost an 
additional sum of $1,500,000; and finally, when it was decided by the 
committee that the sites should be surveyed for the purpose of estimat- 
ing costs and of segregating the lands and reporting them to the Land 
Office as reserved under the provisions of the act, another $ 1 ,500,000 
would be necessary, making in all for the irrigation of the arid lands 
the sum of $7,000,000. But this estimate was based upon the consider- 
ation that the work should be done in the manner which I have pointed 
out. If this cheap and comparatively accurate topographic method 
developed in the survey had not been known, and had the old methods 
of topographic surveying been in vogue, I should then have had to de- 
cide whether it was cheaper to make the discoveries of sites by the old 
method of topography or by the system of running trial lines ; but hav- 
ing developed a more economic topographic method, it was only nocc s- 
sary to decide between this new method and the trial-line system ; and 
the new method is by far the cheaper and in every way the more satis- 
factory ; for, having done it, the entire work can be published and sub- 
mitted to the people — not as the opinion of men engaged iu the work, 
but as facts determined by instrumental survey — and presented by sim- 
ple contour lines on maps, so that they can see for themselves all the 
facts and conditions. 

Senator Jones. What is the scale of those m^ps ? 

Director Powell. One inch to 1 mile. That is the field scale. We 
do not publish on that scale. It is reduced to 2 miles to 1 inch for pub- 
lication. 

The Chairman. Eight in this connection let me make an inquiry. 
You have got these drainage basins mapped. Now, suppose an engi- 
neer should go into one of these drainage basins with such maps as you 
have, would it not be necessary, in order to do accurate work, to follow 
up the stream and work carefully over this ground again, to determine 
where to locate his reservoir and canals I 

Director Powell. No, sir. I will come to that. 

The Chairman. Then could not an engineer, with the boundaries of 
the drainage basin indicated, go into the drainage basin and make 
accurate surveys and locations; or even if they were not indicated, 
could he not determine the boundaries of the drainage basin and do 
the mere engineering work with a view of practical work ? 

Director Powell. No, sir ; the engineer 

Senator Jones (interposing). This dotted line on the outside indi- 
cates the water-shed. [Pointing to map.] 

. Director Powell. The dotted line is the catchment area. That 
shows what will feed this reservoir. [Indicating on map.) I will come 
to that in the latter part of my statement. I want to answer the 
chairman. An engineer who should go in there without the topo- 
graphic map would have to select the site. If he went in to select the 
site, he would have to select it by running trial lines, and to run trial 
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lines would cost three times this. ISTow, when he comes to this reser- 
voir, the engineer surveys it, but not all this catchment area. Instead 
of surveying the area outlined here, he surveys this area, the dam site 
itself, only, and surveys it in a minute manner. The topographic sur- 
vey has found the reservoir site and the catchment area. The engineer 
has all the facts. I^ow, the engineer who goes in there runs a more 
careful line to find the amount of water that reservoir will hold, and the 
length and height of dam necessary, and that is all he has to do. 

Senator Jones. In order to make an accurate reservoir is it not nec- 
essary to run those minute lines ? 

Director Powell. Certainly. 

Senator Jones. Before the people can go in and occupy the lands 
these lines have to be run ? 

Director Powell. Yes, sir ; those in that little basin ; but we have 
saved him all that work [indicating on map], and have done it in the 
cheapest possible way. 

Senator Jones. This work of setting apart and getting the areas is 
pretty much done all over the country, is it not f 

Director Powell. No, sir ; nowhere in the United States except 
where I have made surveys. 

Senator Jones. Have you not had the engineering work in certain 
cases precede your topographic surveys f 

Director Powell. Yes, sir, 1 have, and that I wish to refer to. On 
the passage of the act the people of the Western region were exceed- 
ingly anxious to have results. In the general study of this subject for 
the twenty years in which I have been engaged, and during which Mr. 
Clilbert, my first assistant, has been engaged, I knew of very many 
sites ; they did not have to be selected. I knew that Providence Lnke 
was a site ; I knew that Utah Lake was a site ; I knew that Hope Val- 
ley was a site ; I knew that a number of other localities were sites ; but 
I did not know all, only a small number. I set the engineers at work 
on places which I already knew, in order that I might meet a local want 
at the very earliest day ; but still they had in each of those cases to 
run trial lines, and the money expended in those unnecessary trial lines, 
if I could have had the topography of the sites which I already knew, 
would have paid 50 per cent, of the cost of making the map. If I had 
had a topographic map, even of the sites which I already knew, I could 
have saved enough in the running of trial lines to have paid 60 per 
cent., or one-half, of the cost of the map, and that has been demonstrated 
over and over again on the Arkansas and on other rivers. Thp great- 
est waste which I had in that manner was in Xevada.. The engineer 
who went there ran unnecessary trial lines, as the chairman knows. 
He was the first man to raise an objection to this work ; he organized 
the movement against the topographic work and wasted money in run- 
ning unnecessary trial lines. 

The Chairman. When an engineer runs his trial lines for his ditch 
he must be governed by something besides topographic maps, must he 
not! 

Director Powell. No, sir. Suppose that I have selected the reser- 
voir and the land. That had to be done first. Now I want to know 
how I am going to get the water from that reservoir to that land. 

The Chairman. Can you select the land before you know definitely 
where the ditch is to be located? 

Director Powell. I can with a topographic map ; otherwise I have 
got to run trial lines, either one or the other. Without that map I 
must run trial lines. To make selections by running trial lines is tain- 
.erease the cost of the work three times. 
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The Chairman. Can you select with sufficient accuracy to enable 
people to locate on the lands ? 

Director Powell. I can. 

Senator MooDT. In making these topographic maps you run these 
lines, do you not If 

Director Powell, Yes, sir. I run them with plane tables by meth- 
ods which we have developed in the Survey. To explain it would re- 
quire a long trigonometrical statement. Let me further say that in ad- 
dition to the discovery 

Senator Moody (interposing). Eight here let me ask, can you ran 
a line with such accuracy as to enable the engineer to follow any line 
without himself running levels and lines in the usual way, with transit 
and levels f 

Director Pow:ell. Suppose that we have a reservoir at one point, 
and some land at another point, 10 miles away. I can say from the to- 
pographic map that the best line that can be made from that reservoir 
to that laud must run along that hill and meander down that valley, and 
down that hill, through that valley, to that land 

Senator Moody (interposing). You could do that with the eye. 

Director Powell. And having done that the engineer ultimately 
runs over that ground, and from the reservoir site to the lands for the 
purpose of doing one other thing. The statute demands that we shall 
furnish an estimate of the cost. The engineer has to go over the ground 
and determine the nature of the soil, the nature of the excavations 
which will be required, what amount of cdtting there must be in one 
place, and what amount of filling in another place^ and so on, in order 
to get at the cost of constructing that canal ; but the site of the canal 
is selected from the map, without any trial lines whatever. I have in 
my office, Mr. Chairman, three classes of men 

Senator Reagan (interposing). That is the same method that is 
observed where a preliminary survey of a railroad is made, the details 
being attended to afterward ! 

Director Powell. The first thing is to make the selection, as we 
would in the case of a railroad survey, by trial lines, or by topographic 
surveying, ultimately selecting one, and then make an accurate survey 
of it. I have adopted the method of discovering the sites, which is the 
cheapest of all. But, Mr. Chairman, the topographic work is an im- 
portant part of the irrigation survey for other reasons than those already 
explained, and such reasons are even more potent. The amount of 
water furnished by a hydrographic basin must be discovered. If a 
reservoir is to be constructed it must be known how much water can 
be furnished it annually before its size and the character of its works 
are determined. To select the lands to be irrigated I must know how 
much water there is to serve and how much water each acre of land 
wUl require : that is, the amount of water and the duty of water. In 
general, there is more land than the water can serve. Ouly ouoeighth 
or one-tenth of the country can be irrigated, because there is not water 
enoiCgh to irrigate more. I must find out how much water can be got 
to serve that land. How would I do this ? This was the most difficult 
and complex problem presented to me when the survey was inaugurated. 
How could we gauge all the rivers, creeks, and brooks of two-fifths of 
the area of the United States — all the waters flowing in the streams of 
that region — in order that works for their control and use might be con- 
structed and lands for them to serve might be selected ? There is a 
vast number of these streams, as will be seen by a review of the entire 
ground. To gauge one stream means what? It means that we have 
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IV velocity of the curreut, wliicU varies I'rom sbore to cen 
tral lint; ;niU \\h\fh varies from top to bottom, so it iweiimes necessary 
lo (U'tcMiiiiLc the velocity of the cuneut in every part of the cross-sec- 
tion of till' .strt' jm, because the flow is uot uniform, it being (ji-eater iu 
the center ami loss at si<les and bottom, but exceeding variable for 
different forms of cross-sections. Supposing it to be ganged in this 
manner on one day of the year, that night a rain falls and the stream is 
enlarged, the entire conditions are changed, the cross section is larger, 
and the velocity of the current is greater. So it changes from honr to 
hour and from day to day, rising with the rains and falling with the 
dronths. 

To find out how much water flows down the stream during the jear 
' it is necessary to find out how much water flows in that stream at every 
stage of its volume, from the lowest water to the highest water, This 
is done by the use of current meters. Then it is necessary to employ a 
river-height gauge to determine bow high iho water is at each hour of 
trial, and having discovered how much water flows at each stage and 
how much time it remained at each stage, we are able to determiue the 
total flow of the year. But some years are dry, other years there is 
great rainfall ; so the streams vary from year to year, and their volume 
in minimum years must be determined, and their maximum volume, 
and their avenige volume from year to year. To gauge the flow of each 
river and brook in the manner which I have indicated would require 
an enormous outlay of money, so great that when I studied the prob- 
lem, as I did before the Survey was organized and before it was author- 
ized by Congress, I reached the conclusion that the work could be done 
in unother and cheaper manner, andiua manner altogether more satis- 
factory. I reached this coucluBion after a very careful study of the 
subject myself and after having submitted it to other gentlemen asao- 
eialed with hk'. The same conclusion was reached by all the gentle- 
men except one, ; that was Captain Button. The plan was to make a 
topographic survey of the catchment basins whicli should determiue 
with reasonable accuracy their area, with reasonable accuracy their 
declivities or slopes, and to gauge a few of the streams in the manner 
which I hiivn indicated and to And therefrom under varying topo- 
graphic conililions and varying altitudes, and varying rain-falls, the 
amount of wai.i- which could be derived from each square mile of the 
territory of i iu^ basin. 

Permit me to make this plain by the use of an illustration which will 
serve well for that purpose and better than a long discussion of the 
subject by which the scientific methods might be elaborated. Suppose 
I wish to know how much water there is running annually from the 
roofs of the houses of Washington. Shall I put a waterspout on every 
roof and gauge each one for every day in the year and for a series of years 
iu order to get the mean annual flow 1 Such was the plan advocated by 
some ot the I'ngineers, but such was not the plan adopted by myself! 
Now suppose I sauge the amount of water which falls from the roofs of 
a dozen hon.sis in Washington, or even a less number, so as to get a 
good fiiir avi'iafjeof what every square yard of roof surface will deliver 
during the yeai'. I can then easily determine how much water a square 
yard of roof surface will furnish during a year ; and having found that a 
yard of surface, for example, on a general average, will furnish a yard 
of water 30 inches in depth during a year, I have the means of deter- 
mining the amount of water which any roof in the city will afford by 
simply measuring that roof. This is certainly a very much simpler and 
just as satisfactory a method as to put a current-gauge on every water 
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spout of the cit5\ To do the work of the survey by gauging all the 
streams would cost an unknown sum, but certainly not less than 
$10,000,000. So I determined to gauge a few typical streams and 
measure their catchment areas; that is, to determine the extent of 
catchment area and to base the computations of water supply upon the 
factors thus developed and upon the factors derived from the measure- 
ment of lain-fall. But it is necessary not only to measure the super- 
ficial area of the catchment basin, but also to determine the declivity 
or slopes of the ground by which the water would be gathered into 
streams and delivered to the irrigating works. The necessity for deter- 
mining this element can be very simply explained. 

The Chairman. The hydrographic survey is different from the topo- 
graphic, to some extent, is it not If 

Director Powell. No, sir. A hydrographic survey is a topographic 
survey, but something more is added. A hydrographic survey deter- 
mines the areas by a topographic survey. I was trying to explain that 
in my illustration of the roofs of the houses. 1 have to measure the 
roofs of the houses, from which the area of the roofs, the catchment 
area, is determined. It is the method of determining the areas which 
supply these basins. But there is another thing 

The Chairman (interposing). You have to approximate the iarea of 
the basin, do you not ? 

Director Powell. It is not sufficient to approximate the area. It is 
necessary to determine the declivities. That is a problem which seems 
very simple when it is stated 5 but you will find that we have to deter- 
mine the slopes of all the hills for the purpose. Suppose the rain falls 
over a district of country that is level, or nearly level 5 in that arid re- 
gion no great quantity of that water will flow into a reservoir. It will 
be gathered up so slowly into pools that it will all evaporate. But 
suppose it is like that of the Hassayampa, of which the dam has just 
been swept away. Then all the water which falls upon the catchment 
area, after the soil is once saturated, will immediately be gathered into 
the reservoir. It is a region of steep declivities. Here is the source 
[indicating on the map]. Here is Mount Tritle ; here are four great 
mountains encircling the basin. When a great storm comes on those 
mountains the water rolls down into the basin. They sometimes have 
storms in that western country which will give 2 inches of rain-fall in 
two or three hours. The Hassayampa dam drained a mountain decliv- 
ity of 325 square miles of nearly naked rock. When the big storm came 
it only required seven or eight hours by my computation to bring the 
maximum supply of water against that dam. The maximum supply of 
water against that dam was G^ acre feet per second. There was that 
much water coming down every second for nearly an hour. Provision 
had to be made for it, and the declivity had to be known in order to 
construct the work properly. It was not only necessary to provide a 
proper way to dispose of the surplus water when it came, but also to 
know how much water could be stored there. If it had been a flat 
country there would have been no need to make a dam there, for no 
water would come down ; but it being a steep country, a vast amount 
of water could be collected. . 

Now to make my illustration from housetops complete, suppose that 
the flat housetop is covered with a great thickness of sand, so that all 
the rains falling thereon are absorbed and finally evaporated by the 
sun. Then from such tops no water can be caught in the spouts. Sup- 
pose that others have varying declivities, and that the greater the 
declivity the less the amount of sand, until some are so steep that no 
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saDd will remain on them. The steep roofs will deliver all their water. 
Now similar conditions are found in the natural slopes of every drainage 
basin of the West. Some regions are so flat and sandy that the waters 
all evaporate, and nothing can be obtained from them ; others are so 
steep and rocky that almost the entire rain fall is discharged into stream- 
channels. It is wholly a question of declivities, and we are therefore 
compelled to determine these declivities. We want areas of catchment 
basins and declivities of catchment basins. To get these we make a topo- 
graphic survey, in the cheapest manner that it can be done to be asefal 
to properly solve the problems. The plan, therefore, is to measure 
drainage basins and determine their areas and declivities, to see what 
water they will shed in the streams ; then gauge a few typical streams 
with accuracy, and with these facts — and some collateral oues which 
need not be here explained, as that would complicate the subject t<oo 
much for simple statement — we have the data necessary to plan the 
works to control the water, so that it can be put upon the land. 

The Chairman. I have heard it suggested by engineers that in some 
portions of that arid region there are places where no dam could l)e 
safely built, and that those places would be generally indicated by the 
large bowlders and rocks at the mouths of the cailons, showing that 
water- spouts had come down with such force as to carry those bowlders 
through the caiions; and I have heard it suggested— and I want to 
know what there is in that suggestion — that they would have to avoid 
those places because of the evidences that waterspouts are likely to 
occur there. I have also beard it suggested that a good engineer in 
constructing a dam on those torrential streams would always leave a 
sufficient waste- way to carry the whole body of water at flood-time, 
that there should be an ample allowance, so that there would be as large 
a water-way as there was before the dam was constructed, and that on 
the ground many things besides the declivities had to be taken into 
consideration. 

Director Powell. In the first place, as to water-spouts. I hold that 
the suggestion which they make about water-spouts is valueless. You 
might as well say you will find the places where lightning has struck 
and will not build houses in such spots. The distribution of water- 
spouts is now here and now there. I mean by " water-spouts,'' torna- 
does. Their distribution is not controlled chiefly by the topography of 
the ground, but by movements in great bodies of air more or less loaded 
with vapor. 

The Chairman. Now, let me make a suggestion. At Eureka and 
Panamint Canons, the former of which has been known about twenty 
years, there are bald mountains above, where clouds meet and cause 
these cloud-bursts or water-spouts. In Eureka Canon the town has 
been destroyed once or twice, and they have had to build back on the 
hills to get away from the floods. There have been four or five water- 
spouts or cloud-bursts in that same place. Panamint Canon has not 
been known so long, but there is a similar formation there — bald mount- 
ains, the tops of which are very high. Large bowlders have been car- 
ried down and land-slides have been produced by these cloud-bursts. 
We know from observation that they have appeared periodically and 
that they are liable to occur again ; that there are a great many places 
where they have repeated themselves. 

Director Powell. Let me make an explanation, Mr. Chairman. A tor- 
nado is one thing; what is usually called in the West a cloud-burst is 
another thing. The term "cloudburst" does not mean anything, really, 
to a scientific man except a big storm. Those occur in all lands, but they 
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arc peculiarly destructive and remarkable uuder tbe conditions you have 
sujjjfested. We have just as many cloud-bursts in Washington as they 
have at Eureka or Denver. Let me explain further. Suppose there is 
a region of country the declivities of which will gather all the water that 
falls during a great storm suddenly; instead of days, it gathers iu 
hours or minutes, as is the case at Denver. If the declivities are ex- 
treme and a great storm comes, the people call that a cloud-burst. 

The Chairman. I have seen a great many of them. I have been in 
the sunshine, and have seen a dark cloud off over the mountains, ac- 
companied by thunder and lightning, and have seen the people run- 
ning to the mountains to escape what was inevitable, because they 
knew the place so well, and in half an hour the water would be 25 feet 
deep where they had been. The friction of the water on the bottom of 
the stream would make acolumn of water that was almost perpendicular ) 
a wonderful sight. 

Director Powell. I have walked before such a one, where a wall 
of water nearly as high as my head came down a dry stream bed. The 
region of country most affected by those sudden storms on the face of 
the globe is the region which I first explored, that of the Colorado Eiver. 
There the walls of the caijons are from 4,000 to 6,000 feet high, with a 
labyrinth of canons running into it from either side. When the rain 
falls in that district of country the Colorado Kiver is raised, sometimes 
many feet in one night. The great storms which occur at the head- 
waters of the river do not fill the canon as full as the local storms do, 
because in the local storms the water falls on the declivities, which are 
like the roof of a house, and is discharged into the river in a few hours. 

The Chairman. Would it be safe to build dams in those peculiar 
canons at all ? 

Director Powell. I think not. I am afraid the line of my thought 
is so broken that 

The Chairman (interposing). I will not interrupt you again. 

Director Powell. I am very glad to have you ask questions. I 
wanted to say that the topographic mjip, then, is the chief expense of 
the hydrographic survey, as the measurement of the roofs of the houses 
of Washington, which I used as an illustration, would be the chief ex- 
pense of determining the rainfall. My hydrograi)hic survey is primarily 
a topographic survey. The selection survey is a topographic survey. 
I have to determine catchment areas, reservoir sites, and irrigable lands, 
and I have to determine the sites of diverting dams and lines of canals. 
All these are done by the to pograx3hical survey, and, in my judgment, in 
the cheapest possible manner. 

Adjourned. 
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SEVENTH DAT'S SESSION. 

Washington, D. C, March 18, 1890. 
TliG Gomniittee met pnrsuant to adjourameut, 

I'luseiit : Mr. Stewart (obatrmaD), Mr. Plumb, Mr. Moody, Mr. C^ey, 
auil Mr, Beagan. 

FUKTHEB STATEHEHT OF DIBECTOK POWELL. 

Thu Chairman. Major, yon can proceed, 

Director Powell, I attempted at the last meeting to oxplnin the 
use of tbe topographic sarvey in carrying out the purposes of the sta^ 
ute iti making tbe irrigation survey. The thiugs which, uuder tbe lav, 
wf iire compelled to discover are, first, the catchineut areas and their 
declivities, in order that the amount of water cau be deterinined anil 
the method by which that water can be controlled aud brought upon 
the l;iiid. It was shown that we not only need tbe area of the catcti- 
uieut basin, but its declivities, and the topographic survey ecouoiniciilk 
discovers the area and the declivities. The higher declivities are dv- 
teimiiied in a more general way than the lower ones. The regions of 
the reservoirs, of the canals, aud of the irrigable lands are surveyed 
t(»po};raphicallj with a great deal more refinement than the others. 
We also have to discover the sites of the reservoirs, and, as I believe, 
of all practicable reservoir sites, for the purjjoae of selecting those 
which aiv bettt and most economic, and which serve the lands the beal. 
The second purpose is to discover the sitesof diverting dims along tlie 
streams, Or service dams, as they are sometimes called, aud the sites of 
canals. For this purpose, as there are a great many canal sites to be 
discovered in any one district, it is necessary to overlook the entire dis- 
trict in order that the best maybe found and selected. Having dia- 
coverid all possible reservoir sites, all possible diverting dam sites, all 
possible canal sites, and all possible lauds that cau l>e irrigated, it be> 
comes necessary, then, in view of all thefacts, so that they may be eor- 
relateil one to another, to make selections. The discovery of theseby 
tbe use of trial lines, I stated, would cost at least three times as mucli 
as to discover them by topographic methods. They must be discovered 
by some method or other, and tor tbe puq)ose of discovering them tbe 
most economic method is used. Further than that, it is necessary M 
determine tbe volume of water flowing in the streams, aud for this par- 
))Osc it is found, after a careful examination, that this stream-flow can 
l>e discovered by a combiuation of topographic aud gauging methods 
>vitb very much greater economy, and I illustrated that by Bhowing 
bow we would discover the amount of rain which could be gathered 
from tbe roofs of a city. I suppose that tbe h.vdrographio survey, if 
we bad attempted to gauge each stream, would have cost from four to 
ten I inn's more than by tbe present method ; so that, altogether, the uiw 
III the. topographic survey for discovering all these facts in relation to 
the liydrogra])by — tbe reservoir sites, the canal sites, aud the irrigable 
lands — very greatly reduced the cost of the' work. 

Senator MooDY. Will yon please describe how yoa execute this to- 
pographic survey for such a purpose I 

Director Powell. Yes, sir; in the first place, we enter a hydro- 
graiihic basin — we will speak of one basin, as that will illustrate theoi 
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Director Powell. I will, take the Upper Arkansas, for example. 
There we measure a base line 

Senator Moody (interposing). Did you carry on any topographic 
work there during this last yearf 

Director Powell. Yes, sir. 

Senator Moody. Whereabouts? 

Director Powell. Through the bnsin, from the summit of the mount- 
ains in Colorado nearly down to tlie Kansas line, so that we have 
covered almost all of the Arkansas basin within the arid region. 

Senator Moody. In this connection, did you have any engineering 
work done outside of the topographic work? 

Director Powell. Yes, sir. 

Senator Moody. What was that? 

Director Powell. That was to measure the capacity of the reservoir 
Bit^s, to make plans for dams, and the construction of reservoirs, to run 
lines of canals on the ground, and estimate their cost. That was the 
engineering part of the work. 

Senator Moody. How did the topographic work aid that engineer- 
ing work ? 

Director Powell. The topographic work practically discovered all 
of the reservoir sites and all the canal sites. It also discovered the 
hydrographic basin — the outline of the hydrographic basin and its 
slopes. 

Senator Moody. Please give in detail, if you will, the manner of ex- 
ecuting that topographic work at one single point where you discov- 
ered reservoir sites. 

Director Powell. A base line is measured. From that base lino a 
system of triangulation is projected, which is exceedingly inexpensive, 
costing, perhaps, at the rate of fifteen cents per square mile. Tbat 
covers the basin with known points with far more accuracy than it 
could be measured with chains at a hundred times the cost. Then the 
topographer determines, at the bottom of the basin its altitude above 
the level of the sea, lie proceeds up the main stream and up its lateral 
branches with a line of levels, so as to determine the gradients of the 
streams themselves. As he i)roceeds in this way up the stream and 
up the lateral streams, he locates himself from point to point by the 
known points which are already established by the system of triangu- 
lation, stops at this pointer thatjmint and finds out where he is at the 
moment, and plots that upon a plane table which he carries with him. 
Prom his station then with gradienters in part and alidades in part, 
and with other instruments, he determines the altitude of the hills and 
valleys about him and makes a map of the region on the ground then 
and there, passing from point to point along the streams, as 1 have 
mentioned. 

Senator Moody. What becomes of that map ? Does he turn it over 
to the engineers, so that they can measure and determine tlie capacity 
of this basin ? 

Director Powell. Ultimately with all the data gathered in its con- 
struction. As he goes along he runs grade curves in the valleys, in some 
places 10 feet apart, but ifi general in the valleys where irrigable lands 
are situated the grade curves are run 20 feet apart. Higher up in the 
mountains they are run 50, 100, or 200 feet apart. It is not necessary 
to do the work with a great degree of refinement in the mountain 
regions. Thus he constructs a map as he goes of that drainage basin. 
When that map is constructed he is enabled to outline upon the maj), 
first, the area and declivities of the drainage basin, and, second, all 
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IHissible reservoir Bites — tlie topographer lia 
puusible irritable lamls, and all liom uf ctiiutls 
anil tbe Htreams to tliese irrigable lauds. 

Stiuator Moody. Does he form oue of a (reiienil party, inelutlins tlw 
eiij^ineers, wLo are runiiiut; tbe actual levels and laying out liuest 

Uireutor Powell. Ho, sir. The work is uanied ou by three partii - 
one a topographic party, oiie a bydrogra^tbic party, aud oue wlii< : 
workhig npou the Hues and canal sites, making plans and esiim:<' 
cost of constriietion. Those are three diit'en^nt functions, which art' ]' 
tilled by three uifferent classes of men. Shall i go ou further with .m 
ex|dauation of how the maps are madet 

Seuator Moody. Yes; until you show the connection botweou llic 
t<j)>ographic work aud the engineering and hydrograidiie work. 

Director Powkll. The topographers having discovered the resfi\'i 
sites, the eanal sites, the irrigable lands, and thebaHins thiitare drains 
the material is furnished to the engineers and hydrograpbera. Tbi> i 
diographers do not go with the topographers, hut we select in suiIj .. 
biusin some point where oue or two typical streams eau be gauged, ami 
the bydrographer stops at that station aud measures the sintam fr>im - 
time to time until he has determined the volume of water Howing iu tliu 
stream at its various stages. Then he selects a series of points on i 
series of streams and arranges his instruments in such a way that lit' 
passes from one stream to another, visiting thcui once ad-ay, oncea 
week, or once a fortnight, as the case maybe, having stationary iusLi'ii- 
nients which record autoinaticallj' for a part of tlio work. Finally llm 
livdrograpber has discovered the flow of the stream, aud from an esain- 
illation of the topographic maps which have been ])repared, which give 
aieas and declivities, ho is able to say what water can be furnished lor 
iuigation and what works are necessary to control it. If aviug Uicsh 
facta and the sites discovered and the lines discovereii, the engimir 
now enters upon his duty, and he decides that out of fifty reservmi' 
sites twenty of them, perhaps, are the best. Having deterniined lli^'t 
tliese twenty reservoir sites are good, having marked the general rouns 
or lines of the canals which must be constrneted from these reservoir 
r.ites to the lands to be irrigated, he then runs upon the ground the linci 
necessary to outline the basiii with accuraey, cross-sections it to detvi- 
mine exactly how umch water it will hold, be then examineti the kiw 
for the dam, and determines its foundation, lengtli, and height. II;ivii'^' 
these factors before him — the amount of water which can be snppbi'il u> 
1 1 laC reservoir aud the amountof water wbieli iu great storms it must liu 

jiiile to control so as not to be destroyed, all o " 

l>y the topographers and by the hydrograpln 
iiijw is to plan the works, mark their sites n|i 
mate the cost of their cousLructiou. 

Senator Moody. Out of the appropriutim 
\\ as assigned to to|)ography t 

])irector Powell. Abont one- half— nearly 

Senator Moody. And how much to theengi 
wovk t 

Director Powell. The other part — a liftie bit more than oue Inill. 

Senator Moody. Oau you give tlieexact nnHmntt 

Director Powell. I can not from memory, but I think, perhaps. 1 
have the data here. 

Senator Moody. How much of the topogra]ihic aseignmeut ha** bn : 
expended? 

Director i'owiiLL. About seven-eighths of each. 
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Senator Moody. That is, seven-eighths of $350,000 ? 

l>irector Powell. Seven-eights of the part of the $350,000 which 
was assigned to topography. 1 have laid all those facts before this com- 
mittee heretofore. In the statement I made some time ago I gave the 
VA,st per square mile, etc., as you will remember. That is all in my 
tostiraony. 

Senator Keagan. One of the points made against this topographic 
survey is that you have assigned a great deal more money to that than 
to the hydrographic survey and the engineering wort, and that you are 
making it cost more than it ought. I wish you would let us know how 
that is. 

Doctor Powell. The engineering work of marking on the grounds 
tlu»> lines discovered by the topographic survey and the sites of the res- 
ervoirs and the computation of the cost of the work will, I suppose, 
rciin ire about three-fourteenths of the appropriation. 

Senator Moody. That would be about $60,000. 

Director Powell. Yes, sir ; of the last appropriation of $250,000. A 
larger proportion was used this year because we had not the toi)ogra- 
])liy in every locality ; but 1 am si)eakiug of what the plan will be in the 
future. All this has been set forth to the Appropriation Committee of 
the House, and is on record. The hydrography will cost, if carried on 
by our present ])lan, about three- fourteenths, and the topography, as it 
is called, will cost eight-fourteenths of the money. That is about the 
l>r<)portion which it will be in the future. That has not been the pro- 
jxM tion this year. We chanced this year to know of certain reservoir 
siti^s from previous studies of the country. These were already known, 
and we did not have to go to the expense of discovering them. 

Senator Eeagan. While you are on this branch of the subject I wish 
to present a point which I think will be of interest to the committee. 
It is alleged that by your plan of a topographic survey it will take many 
years to complete with a very large expenditure. I have heard the 
suggestion made before the committee that the cost will be $ 30,000,000, 
and that it will greatly delay the development of the project of irriga- 
tion. I would like to know what you have to say to that. 

Director Powell. To complete the survey of the arid region, which 
is about 1,300,000 square miles, and which does not include the sub- 
humid region where some irrigation is x)racticed, will cost $7,000,000 
by following the methods which have been adopted. The time in which 
it can be completed will depend upon the rate of appropriations. If 
ai»propriations are made at the rate of $250,000 per year it will take 
twenty-seven years; if made at the rate of $1,000,000 per year, as I 
have recommeuded to Congress, it will take seven years. But if the 
methods which we have adopted are abandoned and the more expensive 
and less satisfactory metho(ls are adoj)ted, it will take five times that 
amount of money; and if the rate of appropriations should remain the 
same it will take five times as long. 1 have explained to the Appro- 
])riation8 Committee, and my statement is on record and I have it with 
nie, that the topographic branch of the work will cost $4,000,000 in 
addition to what had been accom[)lished prior to the commencement of 
the present fiscal year; that the hydrographic survey, as I have 
lda» ned it, will cost an additional sum of $1,500,000; and that the en- 
gineering survey will cost another $1,500,000, making in all $7,000,000. 

Senator Reagan. What is it that will cost $4,000,000? 

Director Powell. The completion of the topograi)hic branch of the 
irrigation survey for the arid region, notinduding tliesnbhumid region, 
tor which no estimates have ever been imule, will co.st $ 1,000,000 more 
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for the coustnictioD of tlie maps; bat in the coiistructiou ol tlie maps 
•we discover all reservoir sites, all caual sites, all drainage basins, and 
also discover by the same method the data upon wLich we detertuine 
the amount of water which each basin will supply. That will cost for 
that region $4,000,0(10, The experience of this year show.s that that 
wAs a liberal estimate. It was based upon the theory, as exxdaineU to 
the committee, that it would cost from $4 to $5 a square mile. Tlie 
work this year has cost $3.78 a square mile, and that will carry us to 
the 1st ol' July and complete the office work ; so that the estimate was not 
too small, but was quite within hounds. Then 1 estimated to the com- 
mittee that it would cost $1^00,000 more to segregate the lands ; tijat 
is, to run all township and section lines and discover, in Laud Oftice 
terms, what lands should be segregated, so that we could report to tlie 
Land Oflice the ])articular lands which are selected under the law. Tiie 
law compels us to segregate them. The measuring of the reservoir 
sites and the computation of the cost of works — all this for $I,500,()iM 
more. Then $1,50(1,000 for the gauging of strenms and the work ot'llji; 
hydrographic branch ; which makes $7,000,000 ; $4,000,000 for the dis- 
covery of the facta ■ 

Senator Moody (interposing). Thafis the topographic work ? 

Director Powkli,. Yes, air; and $3,OOU,(H»0 for the other. 

Senator Moody. For the engineering work 1 

Director Pu\vbll. For the engineering and hydrographic work am! 
segregations. 

The Chairman. As I understand you, the topographic work precedes 
and is independent of the engineering work, and the engineers s'a:[il,v 
use the maps prepared by the topographers and olitain the information 
as to the flow of waterfront the hydrographers and tJLcii they proceeJ 
afterward 1 

Director Towell. Yes, sir. 

The OUAiiiMAN. What connection is there between the topograpliip 
work and engineering work 1 Are the two classes of work done by se)i.i 
rate forces or by the same force; that is, is the work done by separaii' 
divisions or one division ¥ Do the engineers simply take the maps from 
the topographers when they are done and go on with their work aloiief 

Dirt'ctor Powell. The engineers take the data which the topoc- 
rapbers have prepared for them. They do not go over the ground w 
discover reservoir sites, they do not go over the ground to discover 
canal sites, they do not go over the ground to discover irrigjilile 
lands, they do not go over the ground to discover drainage basins 
or catchment areas. All these facts are determined for them, and tliey 
gt> to the reservoir sites, the canal sites, and the dam sites, and make 
their estimates of what it will cost to do the work, how the reservoir, 
the canal, and the dam shall be constructed, and what it will co^t. 
That is the duty of the engineers. 

The Chaihman. Will the topography furnish them with data aeeii- 
rate enough to enable them to locate the resei'voir sites and the canals 
without running over the ground with transit and level f 

Director Powell. Yes, sir; except on the lines selected, as I hare 
explaiued to the committee. The reservoir sites themselves have to 
have a much more accurate survey, and the line which is selected tfl 
take the water from a reservoir site to the land has to have a niiieli 
mor* iieeurate survey. 

The Chairman. What is to hinder the engineer from going upon tli-' 
ground and locating his reservoir site without the aid of topography I 
For instance, I go up in.to the nioun tains, and 1 lind astreamof wniii; 
1 lullow that stream up, ami 1 liud upon it various Hat places, ^vithuiit 
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any engineering at all, and I can see with the eye that I can baild a 
dam thert^ Then I find that an area of country below in the valley is 
irrifi^able. What is to prevent an engineer from first ascertaining about 
^where the water could be taken out at the foot of tho mountain, and de- 
termining what lands he could irrigate with his level, and without run- 
iiiDg any trial lines, and then going on up the stream and locating his 
dam site f After he has determined tbe location, he has used his level, 
and has the topographic part done. Why can he not do that without 
any previous topography — diagnose the stream, as it were, and con- 
Btruct his dam ? 

Director Powell, I will explain that. I can make that c^ear. Here 
is a stream coming down from the mountain. We wish to store the 
water from that stream. We might go along that stream and dam the 
stream itself, and make reservoirs along its course; but when it is pos- 
sible to avoid it, we never do that. We never build a reservoir on the 
course of the stream if it is possible to locate it anywhere else. 
The Chairman. That is if it is a rapid stream ? 
Director Powell. No matter what kind of a stream it is. To store 
tbe water upon the stream itself is to store it where the works have got 
to be constructed in such a manner that they will withstand the great- 
est storms. Wherever it is possible, and we find largely that it is pos- 
sible, we store the water outside of the bed of the stream, making a low 
diverting overflow dam in the stream itself, and throw the water out on 
the mesa or valley to one side, so that a torrent coming down the stream 
can not destroy that reservoir; and the question yon ask brings out one 
of the most interesting things relating to the subject of the storage of 
"water — that is, never to build a reservoir upon the course of a stream 
when another site can be found. If you wish to construct a reservoir 
to store the water of a stream of great volume, take the water out by a 
diverting dam and a lateral canal, and store it in a basin on one side. 

The Chairman. That our miners learned forty years ago in Califor- 
nia; I among the rest. We found we could not make our storage res- 
ervoirs in the streams without great dams, and the water was div erted 
through ditches to storage reservoirs, built sometimes right above the 
placers or on the top of a knoll by throwing up banks around it, al- 
ways where it would be protected from the floods. That has been the 
experience in the mining regions. I^ow, the engineer is a pretty good 
judge of what can be done in a torrential stream without any topog- 
raphy. I recognize, Major, the convenience in entering into a district 
of having the topography in advance, because you know then where to 
go to work, but I do not see so forcibly its practical necessity. 

Director Powell. Mr. Chairman, it is necessary for somebody to see 
all of that ground before the plan is made ; somebody must see it. The 
engineer must see it, or somebody must see it for him. He must not 
only see it with his eye, but he must see it instrumentally. No man can 
properly estimate distances, altitudes, and slopes without instrumenta- 
tion. Having seen it instrumentally, all that is needed after that is to 
put it on paper, and if he puts his notes on paper, makes a record and 
keeps a note-book, it takes just about as long as it does to make a map. 
The map is all made on the ground right then and there. The map is 
a note-book, the simplest and cheapest method of keeping the records. 
There it assembles the facts so that they can be seen as a conspectus 
and their relations known. 

Senator Moody. What is the difference between the topographic 
work done under the specific appropriation for topography and the to- 
pography connected with irrigation which you have carried on 1 
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PirPfitor rowELL. To the topojrrftphy which wp onliniirily dn is 
.i(1d(Ml tor irrigatioD a more cBrefiil determinatioii uf tlie <locIiv ilies ur 
gradients of tbe streaotH ; that is all, 

Seuator PlI'MB. Is the topographic survey which yon have heen niat;- 
iiig from the Geological Survey appropriations suitable for the Irrigation 
Survey t 

Director Powell. Yes, sir ; except on one i>oint ; the gra^lients of the 
streams are not so carefully determiued 

Seuator Plumb (interposing]. What is it suitable for without this ad 
dition you speak oil 

Director Powell. For all purposes for which maps are used. 

Senator Plitmb. Then all the work you have done for tlie geological 
survey of a toi>ograpbic character, in order to nnike it adaptable to 
irrigation has got to be supplemeuted by something else t 

Director Powell. Yes, sir ; but at a cost which is insignificant. Not 
over 3 cents a mile is to be added to what has been done. 

Senator Plumb, Then you have been doing under this last appropria- 
tion practically what you were doing before t 

Director. Powell. So far as the loimgrapbic work is concerned ; but 
we have added to that the gradients of the streams. The organizuliou 
of the Geological Survey, prior to the foundation of the Irrigation Sur- 
vey, provided that the Geological Survey sbonkl make a map of thiit 
country. When that map was authorized by Congress a statement was 
made by me — and the joint committee of the two honses has rejiorted 
fnlly on the matter, and 1 have the report here — that it would take, at 
the ratw at which appropriations were then in progress, thirty years tv 
make tluit topographic map. When I presented the matter of the usi' 
of that to|)0;.>r:iphic map to the committee I explained itsiinportancp, 
its value, for iirigating purposes, and the commission have re[>orte<! 
npon that pu'tty fully, as you will see from a report which I have 
brought with me. When the matter of the IrrigHtion survey itself wiis 
brought liufore Congress, session before last, I first was called upon, b.r 
a resolution of the Senate, to reply to certain interrogatories as to how 
this irrigation survey should be conducted, and [ outlined in my report 
to Congress Just what I have been doing and what I have ex|ilaine<l tii 
the committee, and my report has been published by Congress. I ex- 
plained the use of a topographic map in relation to an inigatioq survey 
as I had explained it years before, and appearing before the Committee 
on Apprnpriatioiis to explain what would be done, I siiid to them that 
we would have to add something to what we have been doing for tlio 
purposes of estimating the cost and segregating the lauds; and if ap- 
]iropriations could be made in such a manner that the time of tlie work 
could bo shortened, and something more added to that — I said a mil- 
lion and a half for the hydrographic work and a million and a half for 
the engineer! ug work — I said if $3,000,000 be added to the genenil esti- 
mate heretofore made, we can do the whole work, for wo are alrea<i.v 
doing at this slow rate the topographic work necessary; and the com- 
mittee on considering the matter understood very wel! — in their report 
you will see that it was understood — that they were anticipating tlie 
appropriation, that is, making larger appropriations to do what wii» 
already authorized, and in addition to that, making an additional aji- 
propriation to do these additional things. That was understood clearly 
hy the Committeeon Appropriations, and is allamatterof record. TIji* 
topographic survey, therefore, is necessary, or something to take its 
place. If the trial-iine system is to take its place, the total cost of tlia 
whole survey will be increaseit five times. The total cost of the discot- 
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err of sites only — fhat is, a part of it — will be increased tliree times, but 
the total cost of the whole survey will be iucreased five times ; aud then 
the topographic map will still have to be made for the Geological Sur- 
vey. 

It must be understood in this connection that 1 have submitted to 
(congress a plan for an irrigation survey of the arid lauds, which cou- 
tem))lated an examination of the subject only so far as it related to the 
use of perennial streams ; that it was not contemplated to make a sur- 
vey relating to artesian waters, storm waters, or sand reservoir waters. 
If the scope of the survey is to be enlarged the estimates must be cor- 
respondingly enlarged. It should be further noticed that the esti- 
mate was made for the arid lands where irrigation is generally neces- 
sary-, and not for the sub-humid lands where irrigation is necessary only 
in unusually dry years. If the survey is to be carried over these sub- 
humid lands the estimate must be correspondingly enlarged. 

Now, gentlemen, the hour is nearly up, and I have hardly started on 
the subject ; but I wish to beg of you one favor in this matter. You 
have heard two men connected with the Geological Survey who dis- 
agree with me, whose opinions are not my opinions. 

Senator Plumb. Who are they ! 

The Chairman. Captain Dutton and Mr. Nettleton. 

Director Powell.. I have a good many men on the Survey. The 
men who are actually responsible for selecting the sites entirely di.sa- 
gree with the men who have appeared before your committee, and 
agree with me, and I want to beg of the committee to hear both sides 
of this question, and if you are going to interrogate me and my assist- 
ants, let those assistants be heard. Mr. Gilbert, who is practically the 
assistant director of the Survey, who has been associated with me for 
sixteen years in this work, and who joined me in the first report on the 
question of irrigation, has a better mastery of this subject, probably, than 
any other man in the country. Mr. Thompson, who has been with me 
twenty-one years in all the work, and who has charge of the map mak- 
ing, is another whom I would like to have appear before you. I sliould 
like to have you call Mr. Gilbert, Mr. Thompson, Mr. Gannett, and Mr. 
Johnson, all of whom have thoroughly studied this subject, and know 
how to make maps and how to explain them, and are familiar with all 
branches of this work. 

Tiie gentlemen in charge of parties in each branch of the work have 
a tendency to exalt the importance of the special branch which they 
themselves are pursuing, and are apt to claim that the bulk of the ap- 
propriation should be given to them for their work. Tliey are anxious 
to accomplish as much as possible, and to do it in the best ))ossible 
manner, and urge their claims in what I think to be a very pn)per man- 
ner. I am not sorry that my assistants thus become interested in the 
work; but it is for n)e to co-ordinate it and to relegate to each branch 
its due and proportionate part. This is the error which I think Captain 
Dutton has committed. The magnitude of the work which he ])erfonns 
and its immediate presence before his eyes obscure his vision, and he 
fails to discover the magnitude and importance of the co ordinate 
branches. 

The Chairman. Could they not make their statements in writing If 

Director Powell. If so desired. 

The Chaibman. Have them make their statements in writing, and 
present them to the committee as soon as possible. We are occupying 
a great deal of time, and want to consider some other matters^ and if 
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tlie geDtlemeu ;oa have named can make their sbitemeuts io ^yritliij^lt 
■will expedite matters. 

Director Powell. Toa sought the opinions of two men who never 
made a topographie map 

Senator Jones. (Interposing.) It seems to me like a one-sided affair 
to allow men on one side of this question to eome here and ansivcr 
questions, and now to have the men on tlie other side put tlieirstatemetils 
in writing, without giving the committee an ojiport unity to ank tbem 
questionx. It is not right. I want to get the wtiole trnth. 

The Chairham. If there ia objection to the written statements of 
course we will have the gentleuieD come before the committee. 

Director Powell. I have beendiverted from my line of thought by 
side interrogatories, and I would like to be heard further. TLu tliiugit 
which 1 intended to present are not presenteil jet. 

The Ohaiuman. We will have another meeting as soon as we can get 
the committee together. 

Adjourned. 



EIGHTH day's SESSION. 

Washington, D. C, March 21, 1890. 
The committee met at 10.30 o'clock a. ra. 
Present: The chairman, and Senators Keagan, Moody, and Casey. 

STATEMENT OF G. E. GILBERT, CHIEF OEOLOQIST OF THE U. S. 
GEOLOGICAL SURVEY. 

Mr. GlLHERT. Is it your desire that I make a statement, or that I 
aliall answer some speciHc questions i 

TLe Chaieman. Tlic committee desire to ascertain from you ymir 
o[>tnion as to the connection between the engineering survey for tlie 
]inrpo8e of irrigation and the topographic survey, and whether tlie 
topographic survey is a necessity and must precede the engineering sar- 
vey. You can go on aud make a statement on that subject, giving the 
relation of tlie two surveys, the dependence of one upon the other. 

Mr. Gii BERT. It is my opinion that the information obtained by the 
topographic survey is essential t« good results ftom the engineering sur- 
vey. If the same information is obtained by other methods the cost 
will bo relatively great ; if it is not obtained the engineering survey will 
fail to iichteve the best results. The topographic survey should pre- 
cede in each locality. 

The function of the irrigation survey, as a whole, is three-fold, as de- 
termined by the law. It hasiirst to determine wbat land shall receive tlie 
scant water of irngation ; second, to plan the best system of works for 
distributing the water to the land, and third, to plan the best system of 
reservoirs for storing the water which falls in a drainage basin outside tlie 
periodof irrigation. Foreachlocatity,foreach drainage basin, as a rale, 
these three questions have to be considered together. They are so in- 
timately related that they constitute a single complex question, whicli 
has to be determined for each locality; nevertheless each one of tiie 
questions is in itself complex. 

In order to make the best selection ofland it is necessary to know wlaaL 
tracts of la[id are available for the purpose of irrigation ; that is, what 
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tracts of land belonging to a district lie so level that tbe water can be 
conducted over thein for tbe purpose of irrigation, and what are the arens 
of these tracts. It is necessary in selecting from among sucli tracts to 
consider their climatic conditions! in some cases there are great differ- 
ences in climate. It is necessary to consider the soils and subs^oils. It Is 
necessary to consider the local duty of the water. It is necessary to con- 
sider tlie waste of water incident to transfer from the source of* supply, 
that is, the distance from the source of supply with reference to the ques- 
lion of waste; and it is neci^ssary also to know the amount of water 
which is available for some one or more of these districts, that is to 
say, the annual run-off of the drainage basin. In order to plan the 
best system of distribution it is necessary to know the positions of the 
tracts of land which may be irrigated with reference to the reservoirs 
in which the water for that purpose may be stored. These relations 
must be known horizontally and vertically, and the character of the 
intervening country must be known. It is necessary also to estimate 
the cost of constructing works for distributing the water, and the cost 
of maintaining such works. It is necessary to estimate the waste 
through evaporation and seepage by different systems of work, and it 
is necessary, in order to determine the magnitude of the works, to know 
the run off' of the basin. 

Speaking in a very general w^y^ a reservoir can be made anywhere; 
but there is a great difference in expense, and the really available or 
practicable sites are those where a relatively small 'dam will create a 
reservoir containing a relatively large amount of water, and such sites 
may be scattered throughout the basin. In determining the question 
of reservoir sites it is necessary usually to consider whether there shall 
be a single reservoir or a small number of reservoirs low down in the 
basin or a larger number of reservoirs on the minor streams pertaining 
to parts of the basin. In order to make a comparison of these and to 
I>lan the best system of works it is necessary to estimate the cost of 
works, at least roughly, at the various places, and the cost of mainte- 
nance, Jind to consider the waste through evaporation or see])age; these 
ilifter with altitude and other conditions, and also with the form of the 
reservoir. It is also necessary for the other purposes; that is to say, 
where a reservoir site commands only a portion of the basin, the water 
which can be stored in that reservoir is only the water which flows 
through or past that portion of the basin. So, for the study of the prob- 
lem of reservoir sites it is necessary to estimate with a good degree of 
approximation not only the run-off of the entire basin, but the run-off* 
of parts of the basin. 

Now, in this plexus of factors there is one which is very important; 
many of them are important, but there is one that is esi)ecially impor- 
tant and which is at the same time especially diiiicult; that is, estimat- 
ing and determining the run-off". That may be determined, thej)retically, 
at least, in various ways. In the first place, it can be measured directly ; 
the streams can be gauged and their heights at various times can be 
observed for a period of years, and in that way the amount of water 
which runs off can be actually measured. For large streams^ the obser- 
vations of one year give valuable information; the observations of two 
years may perhaps suffice for some pur[)oses; but for small streams, in 
a region of very irregular precii>itation, a greater number of years of 
observation is necessary. There are certain things besides the average 
annual run-off' that need to be known. With reference to the determina- 
tion of the amount of land it is advisable to put under ditch, the mini- 
mum run off' should be known. With lefereuce to the construction ot 
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head-works an(! canals and dams tbat will stand against all floods tlint 
may «oine, it is necessary to know the maximum nin-ott', and it ia esjie- 
ciiilly necessary to know the maximum rate of rmjoJf for this pnrponB. 
It is necessary to know separately the run-off of each stream that may 
be separately used iu irrigation, and itia necessary to know separately 
the run-off of each catchment area the water of which may be separately 
stored. 

The direct measurement of the runoff is, in my judgment, a very 
expensive matter. There must first be determined by a series of gaii{,'- 
ings how much water runs off at each stage, and observations of tLe 
height of water nnist then be made and recorded for a series of years. 
For this pnrjiose it is necessary to keep permanent observers, and snch 
observers can not maintain continuous observations of any cousidcriible 
innuber of streams. In my judgment the expense would be not fur 
from $1,000 for each snch determination, carrying it on for a sufUcient 
iinniber of years to make it of practical vatne. 

Senator Casey. What would you consider a sufBcicut number of 
> PUIS to make it of value ? 

Mr. Gilbert. That would depend npon the size of the sti'eam. 

Senator Casey. Well, generally. 

Mr. GiLBRBT. I think on an average three orfonr years would be nee- 
cf-sary ; but that would not suttice for a great number of small streams. 
I n the case of large streams you could 

Senator Casey (interposing). Would observations for three or four 
years determine the maximum and minimum T 

Mr. GiLHEET. No, sir; not bi small streams. In the average run of 
streams the maximnin and minimum occur only at irregular intervals, 
which may be short or long. That would be a matter more or less of 
esiiiimtion, even after a long series of observations. 

Si'niitor Casey. Yon spoke of it as aec,essary a while ajjo. 

.Mr. GiLBBUT. It is important. It is necessary to determine the best 

Senator Casey. That would probably take eight or ten years' obser- 
vation t 

Mr. Gilbert. Tea, sir; it would bring the cost into competition with 
the gain to be acquired throngh the irrigation of the land. 

The Chairmak. It is now twenty-nine years since there was a winter 
similar to this last winter in Calitbrnia and the country west of the 
Koi-ky MonutAins. 

Senator Casey. Does that remark go back to last summer andinclude 
the whole yeart 

The Chaieman. Yea, sir; it includes the whole year. There was it 
very dry year twenty-nine years ago, 18Cl-'62, and this is lSS3-'90. 

Senator Casey. So that if this information as to maximum and min- 
i run-otf were ascertained, it would take a long series of observa- 



ti.: 



^1 



Mie Chaibhan. What is the diffienlty in allowing the inhabitants or 
liicingthem to keep a sufBciently accurate gange of the water for 
pr.u tiL-al purposes t Could not some arrangement be mmle with the 
j>e(i]i!e living in that region to ke«p a record which would be sufficiently 
acniriite! 

-Mr. Gilbert. That is the practical method of ascertaining the 
gienter part of the runoff — to gauge the streams through experts and 
tiii'it employ local observers to watch the rise and fall. Tlmt is appli- 
ciible only to the districts that ai'c sMilnally occupied by settlers now. 
Tlieic are great unsettled regions where the run-ofl" would have to be 
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ilotermined in order to construct the best works, and these would have 
to be occupied 

The Chairman (interposing). Take, for example, the districts iu 
Nevada that are actually occupied ; are they not index localities that 
will do for the unoccupied districts? 

Mr. Gilbert. I think so. I was coming to that 

The Chairman (interposing). So that the Government would not 
Lave to go to the expense I 

Mr. Gilbert. I was speaking of the method of gauging the water 
in the streams. That method leads to large expense, in my judgment. 
TIh5 number of measurements that would have to be made in order to 
consider thoroughly the whole problem of land areas and of reservoir 
sites would be as much as twenty thousand, leading to an expense that 
would go into the tens of millions. Now, there are several indirect 
methods of reaching the result, and I would like to speak of three of 
these. In the first place, it is possible, usually, by an examination on 
the grouud, to determine what is the magnitude of the flood channel of 
a stream, and then, by considering the cross-section of the channel in 
connection with its declivity, it is possible to estimate the rate of the 
maximum discharge. 

The Chairman. An engineer can do that! 

Mr. Gilbert. Yes, sir; and every one makes a crude estimate. 
When one sees a place where water has run, he thinks ''Some time 
lit^re has been a large stream." The engineer can measure the gradient 
and the cross-section, and can give an estimate of the rate of run-off in 
the time of the most severe storm, which will be valuable. In a humid 
region the rate of run-off is well related to the annual discharge. If 
we were dealing with a humid region instead of an arid region we 
might, by a consideiation of the magnitude of thestorm channels, make 
an estimate of the annual discharge which would be really valuable; 
but in the arid region the precipitation is so irregular that this is im- 
l)ossible. I have crossed on the Amagosa Desert a river-bed that is a 
mile broad. There was no water when I crossed it, and had probably 
been no water for many years, but at some time there was a great 
stream ; yet that channel runs into Death Valley, and there is not 
enough water flowing through it annually on an average to keep the 
l>ottom of Death Valley wet. 

The Chairman. I have been there. 

Mr. Gilbert. So the study of channels in the arid region will not 
suflice for the determination of the annual run-off* of the streams. An- 
other indirect method is by analyzing the features that go to make up 
runoff, and then measuring the factors and iiutting them together by 
computation. We know that the run oft" depends, in the first place, on 
the rain-fall. Now, if we can tell what percentage of the rain-fall es- 
capes, and measure the rain-fall, we have our problem solved. The 
quantity that escapes depends particularly on two things — the declivity 
of the surface, or the rapidity with which the water runs, and the con- 
Htitutiou of the surface or the soil. Some soils shed water ; others hold 
it and yield it to evaporation. 

Senator Reagan. Now, this is all very interesting ; but it is not the 
point we are trying to get at at all. We want to know, as I under- 
stand it, whether a topographic survey is necessary as a means of pro- 
viding an irrigation system, or whether that can be done more cheaply 
and quickly by an engineering and hydrographic survey. 

Mr. Gilbert. If the Senator will pardon me, 1 was intending to 
fiXX^ak to that point. 
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The CnAiRMAN. Be as brief as yon can. 

Heuator UAaEV. We have been over all this two or three times 
have become ver;7 familiar with it, and the practical quustiou Si-LaLor 
Resigan suggests is what we wish to coasider. 

Mr. Gilbert. The jiraciicai method depends on the third method o[ 
getting the run-off. The second method, which I h;ive Just alluded lu, 
IS impracticable, because of the difficulties of understanding the cou- 
dilions and putting together the various elements. 

The third method is one of analogy. In the sanui general district "h 
have the same general rain-fall at the same altitudes ; that is, the geu- 
eral raiu-faH varies with the altitude in the same district of country. If 
we have two drainage basins in the same district of country at aboui 
the same altitude, having the same character of surface as to deelivitiea 
and as to soil, then the runoff from those two basins wilt be proixii- 
tiouate to their areas ; and working on that principle, it is possible to 
determine the run off' by, in the first place, actually measuring the ruii- 
off from certain basins taken as tyjies, and then measuring areas and 
declivities and examining soil conditioni> of any other areas of which 
we wish to know the run-off. 

The soil conditions are usually similar through wide belts of country, 
or, more strictly, their variation is in sympathy with the variation uf 
declivity. Surfaces of gentle slope are more receptive, and steep sur- 
faces less, so that classification of catchment areas by declivities is also 
largely classification by soil conditions. The measuremeut of areas 
and declivities and the determination of the general altitude are the 
fuuutions of the topographic survey. In my judginent the division of 
the work into (1) a hydrographic survey which shall determiue hy 
gauging the rnn-oQ' of types of basins, and (2) a topographic survey, ha.s 
the additional advantage that it indicates the reservoir sites which arc 
to be considered ; that it indicates the tracts of land which lie in sucli 
shape that they are susceptible of irrigation, and that it indicates tFiu 
alternative routes for canals and the alternative sites for the head- 
works of canals to be used in conducting the water to the irrigable 
lands. 

The Chairman. If an experienced engineer, having general informa- 
tion with regard to the storms that occasionally occur in a given sectiou 
of country, were to proceed into a drainage basin, follow up the streamii, 
and ascertain the places that are suitable for reservoirs, etc., after hav- 
ing, of conrse, taken into consideration the general area of the basin Ly 
observation, its declivities, etc., what would prevent him from locating 
those reservoirs and segi-egating the irrigable lands from the other lands, 
and doing all that work, with the maps that are already collected, with- 
out waiting for the topographic survey to precede him I 

Mr. Gilbert. There is a class of streams 

The Ohaibman. Could that be done at all T 

Mr. Gilbert. It could be done with reference to a certain class of 
streams, in which the catchment areas lie so high that the climate is 
unsuited to agriculture, so that the streams will have to be handled low 
down on their courses, of necessity, and where there are existing good 
maps ; but even in that case the engineer would need to go over thti 
ground, in order to satisfy himself that he has the best system of res- 
ervoirs — that the system he adopts will not some time have to be re- 
formed. He will have to go over the entire field thoroughly to discover 
■the available reservoirsites,in my judgment. Where there are mapsin 
existence exhibiting the available reservoir sites that is not necessary ; 
be can discover those that need to be considered from the maps; but in 
general existing maps do nob serve that purpose. 
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The Chairman. Are the topographic maps sufficiently accurate to 
locate the reservoir and estimate the quantity of water the reservoir 
Avould contain I 

• Mr. Gilbert. The topographic map would give only a crude idea of 
the quantity of water the reservoir would contain, not a sufficient es- 
timate for final comparison ; but it would give an aui|>ly sufficient esti- 
mate of the area of the catchment basin, and through that, with the 
aid of such a gauging system as I have mentioned of the amount of 
water which would come to that point, it would give a preliminary es- 
timate of the reservoir. 

The Chairman. Would it not be sufficient for general purposes to 
bave a general estimate of the catchment basin, with a gauging system 
carried on by the inhabitants, after the first instance f • Would not that 
be sufficient for ascertaining the amount of water for practical pur- 
])Oses! 

Mr. Gilbert. In my judgment, for practical purposes it is neices- 
8ary to examine the country tributary to each site or storage basin under 
consideration in order to ascertain the run-off, and such examination is 
most economically made by a general work which covers the whole hy- 
drography 

The Chairman. (Interposing.) Can not an engineer make that ex- 
amination ? 

Mr. Gilbert. Yes, he can make that examination, but he can not 
make it as cheaply as the topographic survey can. A differentiation of 
functions comes in here. The work of the topographer and the work of 
the engineer are, to a certain extent, the same. They use the same in- 
struments ; they make maps, contour maps ; bat they work on different 
scales, and when a man who works witii one scale, be it large or small, 
is diverted to do a piece of work on another scale, he works at a disad- 
ud vantage. 

The Chairman. Which is the larger scale, that of the engineer or 
that of the topographer! 

Mr. Gilbert. The engineer's is the larger scale. The engineer, in 
order k) make his estimate of cost, etc., needs to go into minutisB. 

Senator Reagan. What is meant bv a smaller scale t 

Mr. Gilbert. A smaller map for the same area. 

The Chairman. Then, as I understand you, the topographic work 
would have to be done over again in order to get sufficient data for prac- 
tical work ? 

Mr. Gn.BERT. Yes, sir. On every site of an irrigation works — every 
site of a reservoir, every line of a canal — a special survey would have 
to be run. A topographic survey, upon its small scale, and mtade in 
the rapid manner that belongs to a small scale, will not afibrd the data 
fur final estimates as to cost. It serves as a reconnaissance for all those 
purposes. 

The Chairman. What use would an engineer, locating reservoirs and 
laying out ditch lines, makeof the topographic survey if it had preceded 
him, leaving the hydrographic survey out of the question f 

Mr. Gilbert. He would, in the first i)lace, know with a fair degree 
of approximation the height above the stream of the land to be sup. 
plied with water and the point of the upper portion of the stream at 
which the water would necessarily have to be taken out in order to be 
carried to that land. He would be enabled to consider alternate points 
for diverting the water without running trial lines. He would know 
where to direct his final survey and how to determine his general course. 

Senator Moody. Mr. Gilbert, is a topographic survey an observation 
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Biirvey in lulvance of tUe defluite and particular survey tlint is o&xa- 
sary iu niiler to locate practically tbese works that are iiidiciited! 

Mr. Gilbert. Yea, sir. 

Senator Moody. A topographic sarveyor is oi-dinarily and usnally^ 
euffiucer, ia be notf 

Mr. Gilbert. The two classes of work are branfihea of the same pro- 
fessiou, but iu general the topographer has a different range of iufor- 
mation. 

Senator Moody. Id organizing an eftbrt to pnt a certain repcionof 
country under water, that is to establish a system of irrigatiuD, woulil 
you organize two parties, one to go in advance of the other and make 
tbi'sc observations, or would you organize one party, who would malie 
the observatioiiii — a topographic map, or what is its equivalent — and 
then |>roceed after they had done that to make the detailed ineasure- 
luentsand observations and all that is necessary to locate the reservoirs 
and earry the water to the landsT 

Mr. Gilbert. I would organize two parties, and let one precede tbe 
other, even if their work conldbe carried on together. Even if one did not 
need the work of the other I would organize two parties. It has been 
found in the history of Western exploration and survey (changing grad- 
natly from exploration to survey) that it was necessary to have differentr 
lines of work separately performed. In theoriginal Pacific Railroad ex- 
plorations all kindsof observatious and surveys were carried on together. 
The resources of the country did not permit cutting up into small par- 
ties, and it was necessary to travel in one body. The topographers, 
the engineers, the naturalists, all went together; it was all reconnais- 
sance. Afterward, when the Hayden, the Powell, the King, the 
Wheeler surveys were organized, those methods were adhered to at tbe 
start, but were finally departed from. Eventually there was one party 
for triangulation, another for topography, another for geology, travel- 
big in the same district, but traveling independently, because it vas 
advnutugeous to have the movements of each controlled by the particu- 
lar work to be done. 

Senator Moody. Supposing yoa were starting out originally to open 
lip a drainage district, what would be your plaiil Would you not first 
Biake thi'se observations that yon speak of, and then follow them uji 
with a survey or measurements and the requisite engineering work, 
just as you would in locating a railroad through the country f 

Mr. Gilbert. Yes, sir. 

Senator Moody. In other wonls, you would select the general plan 
by observation, by certain preliminary measurements, and then caxry 
it out by detailed work. Would that be itt 

Mr. Gilbert. Yes, sir. 

The Chairman. Have you any further observations to make t 

Mr. GiLBEET. I have not. 

The Ghaikman. Before yoa go I wish to inquire what your profefr 
sio" is. 

Mr. Gilbert. I am a geologist. 

The Chairman. Are you engaged in tbe Geological Survey ! 

Mr. Gilbert. I have been engaged in the explorations and surveys 
of the Government since 1871. I have beeu mainly occupied iu geo- 
logical work, but have done some geographical work andsome survey- 
ing, and I spent one year iu the study of inigation problems in Utah. 

The Chairman. What position do yon occupy in tbe Geological 
Sn rvey T 

Mr. Gilbert. 1 am Chief Geologist, I have charge, under the Di- 
revt4}r, of tbe ^eolo^ical work. 
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Director Powell. Mr. Cbairmaii, I would like to have you ask Mr. 
Gilbert the relative cost of doing tbe work of the irrigatiou survey 
with the aid of the topographic survey and without it. 

The Ghaieman. Mr. Gilbert may answer that question. 

Mr. Gilbert. Mr. Chairman, I have not given suflQcient considera- 
tion to that matter to give a quantitative estimate of the cost. It is my 
decided opinion that the cost would be much greater, several times 
greater, if the determination of the sites, etc., were made by trial lines 
and by reconnaissances of the engineers, instead of being made by a 
general topographic survey. 

Senator Moody. Will you state, as briefly as you can, the difference 
between what you call trial work, the running of trial lines and observ- 
ations by the engineers, and the topographic work If 

Mr. Gilbert. That is easiest illustrated by considering a railway sur- 
vey. The railway engineers, wishing to go from one point to another, 
inquire of the people as to routes, if they have no personal knowledge 
of the country themselves, and in that way learn of several routes that 
may be compared. They follow out each one, making a line survey, 
similar to the survey that they would make for the location of the road 
for the purpose of seeing where the opportunities are. Having done 
that they then select one line as best, modify it perhaps, and make a 
final survey. Now, in a country where there has been a topographic sur- 
vey they run no trial lines. Take, for instance, the Appalachian regions 
when the topographic work of the Survey is in progress. Where these 
topographic surveys have been made the railway engineers study the 
maps, and by such studying are able to compare the possible routes, 
and usually to eliminate from consideration all but one and go to that 
directly. 

The Ghairman. Is there not a difference between a railway survej'^, 
which passes through the country over the lowest elevations, and a 
survey for the purpose of conducting water, which is arbitrary and 
which must be run where the elevations will permit I Does the engi- 
n< or surveying for the purpose of irrigation require those comparative 
trial lines f Must he not go into a valley and ascertain by his eye and 
by his level where water will run around the valley, and is not that the 
trial line that he has got to run ? He has got to follow that line if he 
is going to cover the land below with water ; he has got to follow lines 
that are easily found. 

Mr. Gilbert. In simple cases, but not by the eye. He must do it 
by levels. The eye always deceives. A ditch always runs up hill, ap- 
^)arently. But where the problem is to consider whether several streams 
shall be handled together for purposes of irrigation, or whether a stream 
shall be taken out at some low point on its course or at some higher 
}»oint, by a route that offers better facilities for construction, then a 
reconnaissance of some sort is necessary. If it is not made, then the 
most economical route may not be the one that happens to be found. 

The Ghairman. In that case would the topographic survey show the 
engineer the levels and the diflQculties of construction with sufficient 
defiuiteness to relieve him from the obligation of examining the route 
personally f If he is going to make estimates, has he not got to go 
over the ground anyway I 

Mr. Gilbert. It will eliminate all the possibilities, except one or 
two. 

The Chairman. Would it be very diflicult, after you had the point 
where the water could be diverted, to ascertain the possibilities as to 
where the ditch might be run 1 Gould not that be dotermined by leveU 
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very readily, without much expense, and could not all the possibilities 
of the stream b0 deteroiiued by levels at a miuimum expense I 

Mr. Gilbert. Yes, sir ; but the topographic survey is a determina- 
tiou with a very small expense indeed. While it figures up in the ag- 
gregate to some millions of dollars, its rate per unit is very small. 

The Chairman. Is not a great proportion of the expense of the topo- 
graphic survey for work in countries where you can not utilize the land 
for irrigation and where you can not utilize the waters for that purpose ! 
Is there not a great deal of surveying outside of the particular basins 
that can be utilized for irrigation purposes If 

Mr. Gilbert. As I understand it, the future irrigation of our arid 
region is going to be distributed over its whole extent. It is going to 
include districts where a few ye^rs ago the thought of irrigation did not 
occur, but where storm waters can be used ; and the general survey is 
going to be one of the means of indicating those districts. 

Senator Moody. So that the topographic survey will get the whole 
country ready ior irrigation in the future. 

Mr. Gilbert. Yes, sir. 

Senator Reagan. So far as you go, does the topographic survey in- 
clude the whole country or select districts ! 

Mr. Gilbert. As I understand the work it has been begun in vari- 
ous States and Territories in basins where there is immediate need for 
the detoruiiuation of these irrigation questions. The selection of tractii 
for initial work has been made with reference to the earliest needs of 
the greatest number of people. 

Senator Reaoan. And that may be extended as necessity arises t 

Mr. Gilbert. Yes, sir. But at the same time complete blocks of 
countiy have been surveyed ; not small areas of a straggling nature, but 
the general plan has been to complete the whole area. The beginning 
of the work, however, have been made where the present need was most 
urgent 

The Chairman. Does your topographic survey leave marks on the 
gi\>und indicating altitude and other signs which can be followed by 
the engineer f 

Mr. Gilbert. No, sir. 

The Chairman. They leave nothing on the ground T 

Mr. Gilbert. They give the indications of altitudes of points which 
o;m be found; of [)oint^ that are otherwise fixed; for example, the 
iunotious of streams, the ore8t« of hills, etc 

Senator Hkagan. When you get that initial point you take tbe map 
and it shows you t 

Mr. Gilbert. Yes, sir. 

The OuAiRM an. If it was not at the point where you wished to locate 
your re«!5ervoir or your ditch it would be necessary to have an engineer- 
ing survey t>om that [H>int to ascertain the location of hydraulic works, 
would it not t 

Mr. Gilbert. 1 do not under^jstand yoo. 

The Cuair:man. When you get a fixe^l pc^nt you have got to go from 
that with the engineering siurvey to ascertain the other point, have you 

Mr. GiLHRKT. If we hiive indioattnl on a topographic map a piece of 
pliiiu wmutry* indioat^nl by <\nuour$ tar a|Virc, and beyond that we have 
a iitivp hilU indu*attHi by the ivutounsi oUv$e together, then the contour 
whioh ^kirt^ the K>uom of ihiit hiU );:( the ix>ntoor indicating the upper 
^H^raon of ih^it i^.^ne jjiurhuv. ihe |H^rti*>n to li^e eouimamled by theditcfa, 
aud that ic!^ ^uuethui^ lU lu-uotical \^ut\ even if there is no absolut<} 
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IK)int fixed. It is the edge of that plain, I do not know that I fully 
understand you^ 

The Chairman. To determine a definite point at which to locate your 
reservoir you will have to find a known point. The map will not show 

you. 

Mr. Gilbert. The exj)ression of the map is through contours. 

The Chairman. I know the expression ; but does it not require actual 
engineering to lind other given points definitely ? 

Mr. Gilbert. Yes, sir. 

The Chairman. After you have the initial point from your topo- 
graphic survey', it requires engineering to determine other points! 

Mr. Gilbert. The topographic survey gives the position and height 
of definite points with the degree of precision or the map, whatever that 
may be, and if you compare any two of these points by means of the 
contours you have their relative heights. Take the upper edge of a 
plain thatmay be irrigated. You have the height of that with refer- 
ence to the stream at various places, and by tracing the proper contour 
line you have an approximate idea of the course of the lowest possible 
canal route. 

The Chairman. By what instruments do you ascertain altitudes ! 

Mr. Gilbert. That is ascertained in different parts of the country 
by a variety of instruments. In the present work of the Survey it is 
obtained chiefiy by angles of elevation and depression ; but it is also 
ascertained for altitudes that are not very essential to the work of irri- 
gation by means of barometers. It is also ascertained along the lines 
of principal streams, I understand, in the present topographic work, 
by spirit leveling, but the other gentlemen present are better qualified 
to explain that than' I. 



STATEMENT OF ALMOK H. THOMFSOIT, IN CHARGE OF TOFO- 
GEAFHICAL DIVISION OF U. 8. IRRIGATION SURVEY. 

The Chairman. Mr. Thompson, what is your profession f 

Mr. Thompson. I am a geographer, in charge of the topograi^hy of 
the Irrigation Survey. 

The Chairman. Will you state to the committee whether a topo- 
grai)hic survey is necessary to an engineering survey for the purpose 
of irrigation, confining yourself in as short space as you can to that 
exact point ? 

Mr. Thompson. A topographic survey is the cheapest and most ac- 
curate way of obtaining the facts necessary to plan a system of irriga- 
tion works for any natural district or drainage basin, and the results 
can be given to the people in the shortest time by this metliod. There 
are three well-defined phases or steps taken in engineering work. 

The Chairman. Those steps have been explained a good many times 
to the committee. State what use an engineer would make of a topo- 
grai)hic survey in a given district ? 

Mr. Thompson. It is supposed by the topographers and most engin- 
eers that it will furnish him all the data necessary for a reconnaissance; 
that he obtains in that reconnaissance most of the data for his lines, 
which he then runs. It is not supposed that it will furnish him data 
sufficient to make estimates of construction, such as cuts and fills. It 
is supposed that he will have to do that particular step of the work 
afterward. But it is supposed that it will furnish him with all iufprma- 
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tion necessary for tbe first two ateps, with the exceptiuii of now and 
tben a siitj^te trial line. 

Senator Oaset. Snppose the data had not all been ■aacertaineil, ivlmt 
(loiirsu would he piirsuu to obtain that data ; would it be the Hame goiumi 
that the topograjthic survey had already pursued f 

Mr. Thompson. Yes, sir ; if he wished to obtain it over an extended 
area of country. If he wished toobtiunit asthetopography i»obtainr<l 
ill a line survey, for a few feet on either side of the trial line he might 
inQ, he probably would not cover the whole country with his map. 

Senator Casey. He would cover only that region that Ue had par- 
tic'ularly under his eye. 

Mr. Thompson. Yes, sir. But the practice of the best ensineers of 
the present day seems to be to obtain the topography of the whole 
i;ountry, especially iu regard to irrigation work ; and in other coun- 
tries 

The Chairman (interposing). In what other couutriesdo the toimg- 
ra[»her8 precede the eiigiueeral 

Mr, Thompson. Iu India, iind to a certain extent in California, ia 
cases tliat have come under my observation, and in countries where new 
irrigation works aie located. 

The Chairman. Have you any reports from the Indian anrvej? 
where they insist on topography preceding the engineering surveysJ 

Mr. Thompson. No, sirj I have no reiwrts, but such reiiorts are in 
the library of the Survey. 

The Chairman. You have no reports showing that T 

Mr. Thompson. No, sir; nothing in my hands. Buttherebavebeen 
topographic surveys conducted in India for a long time, and these sur- 
veys are made use of by the engineers in eoustructiug new works. 
The engineers of that country, as in this, I believe, obtain maps to bo- 
gin with. 

The Chairman. In southern California you say the topographic sur- 
veys precede tbe engineering surveys for bjdi'aulic pnri»oses. In what 
instances f 

Mr. Thompson. I was trying to think of the particular instance. A 
year ago I was in San Francisco and an engineer came to me to ask me 
iibouttheto]>ogra])hic work, stating tliat be had been employed by some 
company iu San Diego County to construct works for irrigation pur- 
poses, and that his first step was to make a contour map of the area 
with intervals of IU feet. 

Senator Casey. He made that in the particular region in which lie 
was working ? 

Mr. Thompson. Yes, sir. I think he said the area of his map was 
about ID square miles. 

Senator Casey, Was it any more expensive for him to do that work 
for the purpose he had iu hand than it would have beeu if it had bein 
done by a preliminary survey by the State 1 

Mr. Thompson. In my judgment it was much more expensive than a 
survey on a general plan. 

The Chairman. Would he not make it more accurate having in view 
the objects to be attained, and would he not direct the survey to tlie 
attainment of those objects ? 

Mr. Thompson. That is a hard question to answer. If, on the general 
.survey a map was made having the same contour interval and detail, 1 
think it would be quite as accurate as be would make ir. 

Senator IIbagah. Would not thennswer to thatdcpt'iid upon whetliiT 
the survey was made with greater or less detail ? 
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Mr. Thompson. Pardon rae. I said if tlie map was made with the 
same contour intervals, which means with the same details. 

The Chairman. WouUl not the engineer, in making such a contour 
survey as he deemed necessary, locate marks on the ground which he 
could use in his survey, and which would not be found in a general 
topographic survey f 

Mr. Thompson. It is possible that he might make some special marks 
with reference to his construction work. Our surveys are all connected 
with the Land Office surveys. The Land Office corners are marked 
every half mile, and our surveys are connected with the Land Office 
work; so that the Land Office lines can be drawn upon our maps, and 
the connection between the topographic work and the Land Office work 
be determined. 

The Chairman. Are the Land Office marks extended into the mount- 
ains where there is no market for the lands? 

Mr. Thompson. My remark relates to areas where the Land Office 
survey extends. 

The Chairman. They do not extend into the desert lands? 

Mr. Thompson. They do survey large tracts that are desert lands. 
The State engineer of California, when he was planning a system of 
works for that State, made topographic maps with contour intervals of 
10 and 20 feet and carried the work over a portion of the State, although 
be was not planning a reservoir system but only canal lines to use the 
waters running in the streams during the time of irrigation. 

Senator Moody. Have you charge of the work of the Topographic 
Survey as well as the Geological Survey? 

Mr. Thompson. Only of the irrigation branch. 

Senator Moody. In what regions of country has the work been con- 
ducted under last year's appropriation ? 

Mr. Thompson. In the Arkansas Valley, in Colorado ; in New Mex- 
ico, on the Mora and GaUinas Rivers, in the region of Santa Fe and 
Las Vegas ; and on the Rio Grande, in the region of El Paso ; in Cali- 
fornia, in the region about Lake Tahoe, on the head-waters of the Amer- 
ican and Uba Rivers, and the northern branch of Stanislaus, and the 
head-waters of the Truckee and Carson Rivers; in Montana, on Yellow- 
Htone Lake and along the Yellowstone River, and in southern Idaho 
along the Bois6 and Snake Rivers. 

Senator Reagan. And on Sun River ? 

Mr. Thompson. Ko, sir. My work did not extend to Sun River. 
That was done under the engineers. 

Senator Moody. What work has been done by the Topographic Sur- 
vey in connection with the engineering work under this irrigation 
scheme and appropriation ? 

Mr. Thompson. Over the same areas I 

Senator Moody. Yes. 

Mr. Thompson. The engineers were working in the Arkansas River 
drainage basin in Colorado and about Lake Tahoe, in Kevada and Cali- 
fornia. 

Senator Moody. Was that in connection with the topographic work ? 

Mr. Thompson. The topographic work was not immediately con- 
nected with the engineering work. The engineers were engaged, as I 
understand, in surveying reservoir sites. 

Senator Moody. Where was tlie engineering party under Captain 
Dutton ? 

Mr. Thompson. Ho had general charge of the whole engineering 
branch. 
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Senator Moody. Whereaboats did the engineers follow and uae tbe 
tO]ioKrai>bic workt 

Mr. Thompson. In no case that I know o£ The topogrjipUic work 
litul iiotbeen tluished. 

Senator Moody. All that the engineers dkl under last year's appro- 
priation has been done iudepeudeui of topographic woik I 

Mr. Thompson. Of our completed work,a8 I auderstand it. Tlit'y 
liave called on us for our field-notes in iimny instaneea. 

Senator Moody. Were you able to furnish tbem any fiuld-iiotes of 
your topographic survey t 

Mr. Thompson. I think none that wore worked np so that we woiilil 
be witling to say that they were reduced the best we could do. We 
have furnished them preliminary notes, always stating that fact. Wu 
have been engaged on office work in the reduction of our observations 
hut a short time. Of course the field-notes given were in a. crude state. 

Senator Moody. Then, so far as the work has progressed under la.-il; 
year's appropriation, the topographic work and the engineering work 
for irrigation purposes have been carried on separately 1 

Mr. Thompson. Yes, sir; distinct organ izalious. 

Senator llEAGAN. Do you mean to be understood that the engineers 
bavii not made any use of the topographic survey in the eugineeriug 
iiTiil hydrographic worki 

Mr. Thompson. Under this last appropriation ? 

Senator Keagan. Yes, sir. 

Mr. Thompson. I do not know of instances, except information thiit 
they have obtained from our fieUl-not«8, from questions thtiy have asked 
and photographs of fleld-work that have been given them. Tbo map* 
have not been completed. 

Senator iiEAOAN. Have yon furnished them any T 

Mr. Thompson. Not yet, sir; because they are not constructed. ^Vi; 
have not flniahed them. 

The Chairman. The hour is ap. 

Director PoWEix. Mr. Chairman, t would like to have five minntc^' 
time. Neither of the gentlemen who have bean speaking has seeineil 
to fully comprehend what tbo committee desire, and I would like tu 
Iiiive five minutes of your time. 

The Chairman. There will lie another meetinjr .is soon as we am 
get the committeo togetlier, and you shall be he,ird. 

I>irector Powell. That is satisftictory. 

The committee thereupon, at 12 o'clock m., adjourned, subject to tiio 
call of the chairman. 
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NINTH DAY'S SESSION. 

Washington, D. C, March 22, 1890. 

The committee met at 10.30 o'clock a. m. 

Present: Mr. Stewart (chairmau), Mr. Moody, Mr. Gorman, Mr. Eea 
^an, and Mr. Jones. 



STATEHEHT OF WILLABD D. JOHNSOir, TOPOGRAPHER, U. S. GEO- 

' LOGICAL SURVEY. 

The GHAIB1MLA.N. What is your profession or occapation, Mr. John- 
son T 

Mr. Johnson. I am a topographer. Under the general direction of 
I^rofessor Thompson I have charge of tbe topographic work in the 
Division of the Arkansas Eiver Basin — of the portion of that basin lying 
-west of the Kansas line. 

The Chairman. The present inquiry will be directed to the question 
of the connection between the topographic survey and the engineering 
survey for purposes of irrigation, and of whether and, if at all, to what 
extent, the engineering survey is dependent upon the topographic sur- 
vey. Please confine yourself to that exact question. We have been 
over the general ground suflaciently. 

Mr. Johnson. So far in the Arkansas Basin, there has been little con- 
nection between the topographic and the engineering surveys because the 
engineering survey has entered upon its work in this field in advance 
of the completion of work by the topographic survey. The outcome of 
a topographic survey is a map and every step toward that end has its 
place in a system. The data of field work, if considered separately, 
necessarily appear fragmentary and incomplete. The parts must be 
adjusted and co ordinated by office work. In such work we are now 
eni^aged. The area surveyed was large— 22,000 square miles, and 
the map sheets covering all of that area are now nearing com- 
pletion. The topographic work began in the fall of 1888, and was car- 
ried uninterruptedly, with gradually incroasing field force, through the 
following winter, the following spring and summer, and well into the 
succeeding winter — the winter just ended. Office work then began, 
five months ago, upon the whole mass of this material. Engineering 
surveying was entered upon early in the summer of 18»9. 

In this basin I had charge of the topographic survey only, under 
the direction of Professor Thompson ; within the same limits there was 
also an engineer — ^ division engineer — in charge of the engineering sur- 
vey, under the direction of Captain Button. 

The Chaibman. Who was the engineer in charge of that work t 

Mr. Johnson. "Mf. Bodfish. From beginning to close of his work I 
WBA in continuous receipt, from this division engineer, of requests tor 
maps, for topographic maps, or for map data of any character. These 
calls upon me for map data were continuous, urgent, and annoyingly 
persistent — annoying for the reason that I have mentioned, that such 
data as I had must, until we should have fitted together the mutually 
dependent parts in office work, necessarily appear to others fragment- 
ary, scarcely intelligible and misleading. 

Mr. Bodfish understood this, yet insisted,, very reasonably I think, 
that he nevertheless must have maps, that without them he could do lit- 
tle, and that little at a disadvantage. I was finally directed to furnish 
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him witli ptiotogniplis of certain unadjusted pieces of map work. I r* 
prettcd llie neeesssity for tUia as I knew that he ooulii not fully under- 
stand them, that only those to whom they were of the nature of iiienior- 
aiida could understand them, and fiually adjust them. I wish to em- 
phasize the fact that I was repeatedly urged to furnish the euKi^ee^ 
iug surveyors with topographical map data as ii guide in their sijecial 
work. 

The CHAiitMAN. la Mr. Bod fish in town now? 

Mr. JonusoN. Yes, sir. This unfinished material, coverin<j abont 
1,WHI square miles on the plains of Colorado, the engineering surveyors, 
as I expected, could not interpret. Thereupon pending the final coin- 
])letiiiii of the maps, they entered upon work in the mountaiim, where 
they had the benefit of the old Hiiyden survey maps, at least. To do 
tliis was comparatively easy, for in addition to the Hayden maps, 
this region afforded opportunities for several good sites, of which every 
one kuew. In every great river basin, as well settled as that of the Ar- 
kansas, out of the great number of opportunities for storage and for coii- 
vejance of water, t« be discovered only throuf>h systematic study of the 
grades of the ground over its entire surface, there naturally will lie 
certain obviously g<iod sites, or seemingly good sites, about which tlierH 
will be general knowledgi^ To such spots Mr. Bodlish went and there 
ran his careful levels and made the accurate »nd necessarily expen- 
sive special surveys. Aside from such work as this he engaged in wlj:it 
Onptain Dutton, in an earlier letter, of June the 10th, pressing lue fur 
maps, described as reconnaissance work. (Japtnin Button saiil : "Mr, 
Budttsh's work during the present season can Uai-dly be more than tiie 
reconnaissance work. Ultimately, of course, we must have tlie 
thoroughly completed mnp." 

Over the mountainous area covered by the old Hayden survey we 
did ri'vision work merely, adding only what would be necessary for re- 
publication on the larger scale proposed. Here, when my principal assist- 
ant, Mr. Bien, found himself carrying his general surveys over the 
region in which Mr. Uodlish was makiug precise local surveys, we were 
again met with calls for map data, and we again, of necessity, furnished 
the unadjusted data. This, though confessedly incomplete, was found 
a useful guide, and at other points in the same region similar data were 
nfterwanis furnished at intervals. 

Mr. Bodfiah was even here workingat a disadvantage, audit was. and 
in my opinion, every where must be, only over such limited ai'eaSgWlierethd 
problemsareof simple character, that such work can becouducted wiili 
even limited success without that full knowledge of the entire ar<.';i 
under examination, which only a topographic map can give — make it by 
what method you will, and call it by what uameyou wdl. Kext summer, 
as Ca]>tafn Button wrote me, they must have the thoroughly completed 
map, and by .Inly they may have it — more than :J(),OUO square ndles of 
it — an area nearly three times that of Massachusetts- 

They have now, to be sure, the Land-Survey maps,*but these maps do 
not show the topography, and even as horizontal plans, they are imi)erfect 
and misleading. It is the topography — the vertical departurefrom the 
ideal level surface, that is all-important. A map becomes topogra]>hical 
only when it shows this surface form; furthermore, it is now generally 
agreed that the most satisfactory method of representing topography 
is by means of contours, which have something of tJie graphic effect of 
shading, and at the same time convey information in regard to elevation 
and depression that is Imlh detinite and ijuantitalivo. It is a topo- 
gnvphic map of this rlmraiii v Ih^it this survey is making. 
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The Chairman. The land-survey inaj)s are of the plains regions ? 

Mr. Johnson. Yes, sir ; and of the valley areas in the mountains also. 

The CnArBMAN. You had nothing to do with the topographic work 
of other divisions ! 

Mr. Johnson. Xo, sir. We did no work outside of the Arkansas 
Kiver Basin. The rim of that basin on the north, west, and south, and 
eastward to the one hundredth meridian constituted the limits of our 
area. We have surveyed the greater portion of it, and much the more 
difficult portion. Within these limits I conducted the general survey, 
and within (hesajne limits the engineers conducted here and there their 
special and unconnected surveys of high precision (by comparison with 
which the topographical work is approximate) — by widely difterent 
methods, at relatively great cost, and yet surveys merely, none the less. 
I deem it important to the general question, to which you ask me to 
confine myself, that it be understood that all oT this work is of the na- 
ture of preliminary surveying. The several names for what are virtually 
one thing and directed to a common end are here, I think, more mis- 
leading than useful. In field work they serve in tlie division of labor. 

The expensive trial-line work is conducted with a special object di- 
rectly in view. The general and comprehensive purvey, which achieves 
a topographic map as its result, aims only indirectly to convey this 
special information. For whatever i)ur[)ose it may be made, to what- 
ever purpose it may be applied, such a survey accomplishes nothing 
more nor less than what I have described as a toimgraphic niaj). 
Whether by an irrigation survey, or by a geological survey, or by a rail- 
road-lands survey, it answers to that definition — a map showing the form 
of the surface, as a rule by contours — and to each it is practically indis- 
pensable, as it directs attention, without waste of energy, to such 
special details as require minute investigation; and to each, as well, it 
affords a graphic base for the record of multitudinous additional facts 
in natural grou)>ings. 

The Chairman. Is it not possible for the engineers, in the mount- 
ains, to follow up the streams, and to make locations by observation, 
and with their instruments, without having the topography in advance? 

Mr. Johnson. It is possible, especially in the mountains, and along the 
main stream lines; but even under such simple conditions the engineer 
may, here and there, fail to discover important facts. Expensive mis- 
takes must inevitably, in my opinion, follow a course which appears, 
in view of the magnitude of the work contemplated, dangerously hmse 
and unsystematic. And I am speaking of the trial-line method under 
favorable conditions. The best sites for storage will frequently lie to 
one side of the main streams, and to these the waters must be led ; the 
great canals and the minor canals will run across the barren spaces be- 
tween the main streams ; and here also will be found the lands to be 
irrigated. Failure to carry examination over these interstream areas 
must occasionally result in wasteful work, and discreditable blunders. 
The topographic map shows all the possibilities and all the impossibili- 
ties. 

The Chairman. Is there any difficulty in having an engineer pass 
along an ordinary stream and determine the possible and impossible 
sites with his instruments in a short time — in a few days, for instance? 

Mr. Johnson. Yes, sir; to determine all the possible sites for a given 
stream basin ; not simply the flat places along its immediate valley, but 
in tlie adjoining and higher valleys as well ; to determuie the lines — the 
best lines— of getting the water there, and away from there, on to hiinls 
iu some less watered basin or unwatered table-land ; to do these and 
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other complex things, and at the same time to be sare that no fact baa 
been overlooked, would, without a topographic map, or its more expen- 
sive eqairaleut, be more than difficult — it woald, in my opinion, be im- 
possible. 

The Cbaibmatt. If yon were going to locate a reservoir would it not 
be necessary to run trial lines for that particular place 1 

Mr. Johnson, After the topographic map had been madef 

Tbe Uhairman. Yes. 

Mr. Johnson. After the topographic map had been made it would 
still be necessary to resurvey, by relatively precise and expensive metli- 
ods, all actual sites chosen lor reservoirs and canals, or provisionally 
chosen with a small margin of doubt. These areas over which resur- 
veys wouhl of necessity be made would, however, appear in the great 
breadth of country represented by the map as spots merely. But the 
map is the indispensable and unerring guide to these spots. It stiys: 
Here spend your money; it will be wasted elsewhere. 

The Chairman. The engineer has his levels with bim, and can easily 
tDHke experiments and make his locations witboot spending much time 
with trial lines 1 

Mr. JonusOH. The area of country that a man can cover in that way, 
at a fairly reliable distance from his base, is exceedingly small, altbough 
it may appear to him large when on the ground. I fluil that, in criti- 
cising and examining in the field the work of my assistants, map In 
band and merely by eye, the area thus revised by me is iusigiiiticaut as 
compared with the body of land surveyed. The arid lands are of great 
extent. Such rapid work as the engineer may do by his general over- 
sight, the topographer does also at wonderfully small expense, and much 
better and more rapidly, because his work is part of a system. 

The Ohaikman. Suppose we take a river that has a great many 
tributaries. Eaefa tributary, whether you have a topographic map or 
not, must be examined to see if you can store its waters, and the engi- 
neer follows op the tributary to its source. Wonld he not hecessarily 
be enided to the localities where there will be fiat places, where he can 
make reservoirs? 

Mr. Johnson. He would not, with the map, need to do all this work 
in the first place; aud without the aid of maps, be would not be snre 
to discover all the complex possibilities and impossibilities of the case 
to which I have called attention. He could not be sure without much 
more work than you refer to. 

The Chaieman. Take a mountain stream. Do they carry the water 
out on a table-land ftom the heights where they store it, or do they let 
it run down the channel, as a usual thing, to be taken out where it 
opens out in a valley! 

Mr. Jo^^soN. It is not so much a question where the water shall be 
taken out, as where it shall be stored. In many cases they might do as 
you describe; but my point is that years afterwards it might, in some 
cases, be found that great blunders had been made, involving the 
expenditure of vast sums, and that these blunders might have beeu 
avoided by the early expenditure of a very small, relatively insignifi- 
cant, sum. 

lu the Arkansas Valley we began work in the vicinity of Pueblo. 
Thereirrigationwoikisactively carried on. Local engineers — men prac- 
tically familiar with irrigation problems—had run trial lines all over that 
country. There bad been much talkof taking the Arkansas out at some 
ponit far above Pueblo, to supply a large ditch and irrigate the country 
along Its course by tap-lines, but it appeared impracticable to do so. 
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JM any thousands Qf dollars h9d been spent, however, upon trial lines 
for various purposes over this same region, and had not discovered what 
our maps revealed immediately. My assistant, Mr. Hays, after working 
for a week or more in that region, said to one of the prominent engineers 
of Pueblo, " Why do you not take out a ditch at this place, and run it 
across here, and here, and store your water on the top of this table- 
land ? " It bad not appeared before that such a route was practicable. 
Appearances were against it. The gentle grades of that country are 
frequently misleading as to their dip. Mr. Hays urged, " Our maps 
demonstrate that it can be done." He showed the maps, rough pre- 
liminary drawings, but they gave, after an expenditure of a few hundred 
dollars only, what the local engineers had in vain spent thousands for. 
The Teller Ditch Company, so-called, was at once organized. A special 
survey, costing several thousand dollars, verified the prediction of the 
maps. This carefully surveyed line does not in detail coincide with 
that furnished by Mr. Hays, but it does coincide with fair approxima- 
tion. It was enough that he had given them the general line. Construc- 
tion work on this great ditch, to l^ the largest in Colorado, has already 
begun. 

The Chairman. Do you mean to say it would have cost many thou- 
sands of dollars to have gone above, where it was suggested the water 
might be taken out, and to have run a random level to ascertain the 
piacticability of doing so ? 

Mr. Johnson. No, sir ; I do not. It would have cost very much less 
than the sum actually spent, and spent to no purpose. It would have 
cost less, because Captain Dutton's assistants would have gone about 
the work in a more systematic manner 5 but perhaps even they would not 
have thought of the line at all without the map to point it out. I claim 
ibr the topographic survey that we ai^e doing it for the whole country. 
The engineer accomplishes the same result, but only here and there, and 
even then in a roundabout and expensive way. As we have the whole 
<!ouutry to cover our methods belong to a.unified system. I have here 
[indicating] a finished map showing the area covered by the preliminary 
.sketch referred to. Here appears the ditch line as finally surveyed, 
practically coinciding with the line of the original, and demonstrating in 
this particular case the usefulness of such topographic data. 

Senator Oobman. Do I understand you to say that it is absolutely 
necessary, in your judgment, that this topographic survey shall be made 
before the engineers go upon the ground to determine this question ? 

Mr. Johnson. I am convinced, after a year of work among a peoi>le 
to whom irrigation questions are of vital importance, that it is in the 
highest degree economical, even essential, that the topographic survey 
precede the elaboration of plans for extensive and systematic storage 
irrigation. I am convinced that the topographic survey is the most eco- 
nomical means for ascertaining the necessary facts. 

Senator Gobman. How much more economical ? Take the Arkansas 
basin. What would be your estimate of the additional cost of obtain- 
ing this information through the engineers without a topographic map ? 

Mr. Johnson. In my opinion it would be several times more expensive. 

Senator Gorman. Then it follows, in your judgment, in view of econ- 
omy and results, that the special surveys should be suspended until 
after the completion of your topographic work. 

Mr. Johnson. For the engineer to undertake his special examinations 
within a given area, in advance of the completion of the topographic 
map of that area, can only lead, it seems to me, to confusion and waste 
of money. 
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Senator Jones. Will you please explain your method of work f 

Mr. Johnson. It l^as been so modified away from the prevailing meth- 
ods of the text books as to be practically new. It is, iu the main, thai; 
of triangulation — at first with the transit, by trigonometrical methods, 
but eventually, and chiefly, with the plane table, by graphic methods. 
By this triangulation distances are determined indirectly, but more ac- 
curately than by direct measurement. Yet the work is initiated by a 
direct measurement — by the measurement of one line, the initial base 
line; and this initial base is measured with extraordinary care. One 
line, several miles in length, is thus determined, and from this line the 
triangulation scheme is expanded. The first triangle is obtained by 
measuring the angles from either end of the base to a third point previ- 
ously marked. By means of the only known distance and the two 
known angles the two remaining sides of the triangle are found. This 
triangle is the unit of the system, hence the name triangulation. Such 
triangles are multiplied by computing additional sides, or distances be- 
tween points, by measuring the angles only, and computing the dis- 
tances. Such a system may be expanded over an area of 60,000 square 
miles perhaps, such as that of the Arkansas basin, and the final triangle 
with its computed distances may lie several hundred miles away from 
the initial base. The last computed distance it then becomes necessary 
to test by actual measurement, and the test of the last link is a test of 
the whole chain. This second measured line is called the verification 
base. I have indicated only the principles of procedure. The actual 
practice is somewhat more complex. 

Upon the points located in this net of triangles the detailed map- 
work is based. Tlie map is not made in one great sheet, but the total 
area is cut up into atlas-sheet areas, as in the case of the Arkansas 
basin, of about 1,000 square miles each. Speaking more accurately, the 
positions and boundaries of these atlas sheets are determined by the 
half-degree lines of latitude and longitude. Now, under the best con- 
ditions, upon each of these atlas-sheet areas, of nearly 1,000 square 
miles each, three of* the precise locations of the primary triangulation 
should fall. The positions of these points must be furnished, to the 
map-maker proper, in terms of latitude and longitude, so that he can 
plot them accurately on his map sheet. This map sheet, mounted on a 
drawing board, and this again on a suitably constructed tripod, is then 
taken into the field and the map is made directly upon it, and upon 
similar, but smaller supplementary sheets. The drawing board, with 
its tripod of special construction, is called a plane table, and the method 
thereafter is, throughout, the plane-table method — a graphic method — 
the most direct and simple method for making a map, which is, itself, 
a graphic product. 

The three points plotted upon the map sheet are termed its primary 
control. From these a secondary triangulation or control is spread <li- 
rectly upon the paper until many small triangles affording, perhaps, 
two hundred secondary locations, are determined within the area of the 
single primary triangle formed by the three primary points. This work 
is done by means of a telescope, with attachments similar to those of the 
transit, but mounted on a flat plate or broad ruler base, and resting 
directly upon the plane-table map sheet. Elevations are carried for- 
ward from point to point by means of vertical angles — a method ot 
vertical triangulation. 

So far, however, we have no visible map, merely control. The smaller, 
supplementary sheets, are now furnished to traverse men, as they art) 
termed. The points of the secondary or graphic triangulation are 
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p]f»(ti'(l upon tbese traverse sheets, as the points of the trigonometric 
1 1 ian^nlation were plotted upon the larger sheet, and at these nnmerous 
t'ontiol points the traverse men start and close. The elevation above 
sea-level of each of these points is also written on the smaller plane- 
table sheet, at a fine pricked hole, representing the located point. The 
method of the traverse man, as the name implies, is that of traverse, or 
meander — the samein principle with that of the trial line, but far less pre- 
cise, and astonishingly rapid. The precision of detail, such precision 
as may be required, is attained by means of the check points. By 
the trial-line method, also a map may be made, but at relatively great 
cost, with great nicety in detail, but with gross inaccuracy in general 
]>roportion. These cheek points furnish with accuracy, and at a mini- 
mum of cost, that which line surveying, however carefully executed, 
can iiot furnish at all — the skeleton plan. By this method of triangula- 
tion a degree of closeness, in the determination of horizontal position and 
of elevation, may be reached, beyond the possibilities of the map to ex- 
press, on the scale adopted. In estimating the cost of such topographi- 
cal maps, i)er square mile, that of the primary control, though executed 
with great care, will be hardly more than 1 per cent., that of the 
secondary control i)erhaps 20 per cent. The traverse man, as stated, 
starts his line from a known point, and runs to other known points, 
checking and adjusting backward his error. The distribution of control 
points is, or should be, such that the probable error, after such adjust- 
ment, will be inai)i)reciable or unimportant on the scale of the map. 

In running his lines the traverse man depends for distances upon au- 
tomatically counted revolutions of a wheel of his vehicle, and upon a 
further grai)ljic tr {angulation, which he carries down even into this detail 5 
for directions he depends upon his compass, and also upon this rough tri- 
angulation; and for elevations — for the detail of the grades of the sur- 
face, he depends upon the aneroid barometer. All of these approximate 
means are directly dependent upon the control locations, and errors are 
not cumulative. By running his lines close together and locating by 
intersection — by his rude tri angulation, intermediate points, and* by 
getting heights at such intermediate points by rude levels across be- 
tween his lines, he surveys area and makes a map. I have here on this 
map, or large progress diagram, the area of an atlas sheet of 1,000 square 
miles, exhibiting the j)rimary locations, the secondary locations, and the 
lines followed by the traverse men. You here [indicating] see the whole 
method graphically displayed. I have ruled this area into squares, 
representing square miles, on the scale of one inch on the map to one 
mile on the ground. It will be seen by following these red lines, which 
stand for the meandered lines, how well they are distributed for the 
control of area, as we say, and also the curious influence of the topo- 
graphic configuration of the countiy upon this distribution. Within this 
area the traverse men have meandered, covering by their intersections 
belts of country on either side, a total distance of more than 3,000 
miles. The total area mitst be covered bv these belts and no blanks left. 
No blanks can be left, because, the method being a graphic one, a blank 
will appear as such on the map. 

Senator Moody. What has been the total cost of this topographic 
survey wiiliin the Arkansas basin! 

Mr. Johnson. The total expenditure to date,*for topography, in the 
Arkansas Basin, since I began work in the fall of 1888, has been 
$57,000. W^e surveyed 22,000 square miles, and, when completed, the 
mai>s will have cost $3 per square mile. This statement includes the 
beuv^- expenditure for equi^)ment. 1 had about fifty animals, and svv^i^ 
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or more separate camping parties. This expense for equipment, in this 
new field, wilt not bave to be incurred again. Omitting this large item, 
the cost iK'r square mile has been about $2. 

Director Powell. Let me add to Mr. Johnson's statement of topo- 
graphic met hods an explanation of the manner in which we getstartiug 
l)oints for elevations. There is a plexus of railroads all over the United 
IStates. Lin«*8 now meander from the Atlantic to the Pacific coast, and 
from city to city of the interior, and these lines are connected at their 
teiniini, and they cross one another in various ways and at various 
places, forming altogether a net-work of roads. In their construction 
levels have been run, and by connecting their lines altogether we are 
able to discover discrepancies in these levels. The roads of the country 
have been very generous to us and have furnished us their profiles, so 
that we have in the Geological Survey nearly all the profiles of all the 
railroads in the United States. Whenever discrepancies between levels 
of the different roads are discovered we re])ort them to the engineers of 
the roads, an<l the errors are soon detected. Having in this manner a 
vast system of level lines run all over the country, we have a basis from 
which the levels of the topograi)hic survey can be reckoned. 

Senator Jones. You select a height from which you desire to start a 
system of elevations, and then you run a level from the railroad to 
determine its elevation. 

Director Powell. Yes, sir ; and check on other railroad levels from 
time to time. 

Senator Moody. Mr. Johnson, you are, I understand, the topographer 
for the Geological Survey f 

Mr. Johnson. Not exactly ; a topographer of the Geological Survey 
assigned to special duty on the Irrigation Survey for irrigation topog- 
rai)hy. 

Senator ModDY. Is there any distinction between the expenditure 
for topography in the Geological Survey and lor topography in the 
Irrigation Survey! 

Mr. Johnson. I know little about that, sir. 

Mr. Thompson. (Interposing.) The expenditures are kept entirely 
separate. Mr. Johnson's work was on the Irrigation Survey. 

Sen.itor Moody. How do you keep the expenditures separate? 

Mr. Thompson. The money allotted is drawn by requisitions on the 
Treafciury, and the account kept separately. 

Senator Moody. How do you keep it separate ! 

Mr. Thompson. There was no geological work going on in that 
region. 

Senator Moody. Can you tell me where this topographic work was 
going on for purposes of irrigation ? 

Mr. Thompson, in Montana, Idaho, Colorado, California, Kevada, 
and New Mexico. 

Senator Moody. All for irrigation ! 

Mr. Thompson. Yes, sir. 

Senator Moody. In i)utting your work on topographic maps do you 
make any distinction between the irrigation topograx>hy and the gen- 
eral geological topogra[)hy f 

Mr. Thompson. In, this case it was all for irrigation. There was no 
distinction, because it was all for one purpose, the Irrigation Survey. 
Had we been making it for geological purposes it would have beensuh 
stantially the same. 

StMiator Moody. What distinction do you make when you come to 
make mai)s1l Do you have to go over the ground a^^ain for geological 
^ur|)oses 1 
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Mr. Thompson. JJo, sir; the same topographical map answers for the 
geological survey. 

Senator Moody. Then the geological survey answers for the irriga- 
tion survey. 

Mr. Thompson. Yes, sir. As the geological survey was previously 
conducted 

Senator Moody' (interposing). I mean as it is now in that country. 

Mr. Thompson. I had charge of similar work of the geological survey 
before being assigned to this. The work was in principle precisely the 
same. It is simply an extension in methods of the geological survey 
topography. 

Senator Moody. That is, you add this specific detailed information as 
to elevations, etc., for irrigation purposes to your topographic surveys 
for geological purposes. 

Senator Jones. Let me understand that. I understood Senator Moody 
to ask you, if, as a matter of fact, there is a geological survey for a given 
part of the country, this irrigation survey is made to supplement the 
geological survey. 

Mr. Thompson. If the geological survey maps had been made in this 
region we would not have had to go over it again for the maps of the 
irrigation survey ; but the geological maps had not been made. 

Senator Moody. Is it the intention to complete that whole country 
in one map eventually f 

Mr. Thompson I can not speak as to what the intention is. 

Senator Moody. What I want to ascertain is this : Is it necessary, in 
your pursuit of geological information, for you to go over this ground 
again, after you have made this sort of topography ¥ 

Mr. Thompson. No, sir ; not to make the map. 

Senator Moody. Now, can you put those divisions of the country to- 
gether, where you have a map of one region on a scale of 1 inch to 4 
miles and a map of another region, adjoining, on a scale of 1 inch to 2 
miles ! 

Mr. Thompson. If we were to join these two maps, this map [indi- 
cating] would show the country more in detail. Every other one of t bo 
lOOfeet curves represented on the large scale would exactly join with 
the 200 feet curves on the small scale, which covers 4 miles to the inch. 
They would join there. If the 4-mile map were photographed up so 
that it would be on a 2-mile scale, they would join. 

Senator Moody. Is it not sufficient, for engineering operations in 
irrigation, to take this geological survey map instead of making this 
irrigation topography ! 

Mr. Thompson. In my judgment, it would be sufficient. 

Senator Moody. You have this information, but you have to go on 
the ground and locate with more detail ! 

Mr. Thompson. Yes, sir. It is a mere matter of revision, quite 
rapidly done, because we take the map right into the field and draw 
the contour lines upon it. 

Senator Moody. Now, in your irrigation topography you do pre- 
cisely the same thing in the first iu^tance. That is the first work you 
do — what may be called thereconnoissauce, the preliminary or observa- 
tion work. You do precisely the same thing in both cases, for irriga- 
tion and geological topography. 

Mr. Thompson. The same in method, but we obtain more refined 
determinations in relation to the streams. 

Senator Moody. It is important that we should un<lerstand whal is 
esiH^utiai in the wa^ of appropriatio4 for actual irrig;ation pur|)oses auU 
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what ia essential for (geological jiiirposes, that is, fur Ihe ^eo1u^ii-;i1 <'i' 
KPFViilion ami siirvoy that is F^oitig on, aixl wliat X mint to Uimw i'^ 
whether we can u&n in this irrit^atiun work the topographic riiiii>s tLai 
yon have atrttsifly made or are rendy to make. 

Senator Jones. Ak 1 understand, they are already made. 

Director Powell. This whole discussion is proceedinK on a mistakeu 
notion on the part of Profe^uor TLonipsou of the import of your qucK- 
tion. May 1 exidain it ! 

The (jHAiiiMAN. Certainly. 

Director Powell. We have been doing work for a nunilwr of years, 
making topographic maps in the arid region. The ones that we have 
been making 

Senator Moodv. Did yon make any topographic maps of tliis regiou 
where Professor Tbomymon had cbarget 

Director Powell. No, sir ; this is new work. I wish to speak of tlic 
relation of one to the other. A topographic map must be made for tlii> 
geological survey and one for the irrigation survey, but they are oni 
and the same, not two maps. The same map serves both purpuses 
Tliere are certain areas of country where we need it on a scale of i 
miles to the inch ; other regions on a scale of 2 miles to the inch, lu 
the re(>ioDa we have surveyed heretofore we have gone fiirther into tbu 
mountiiins. There we have made the maps ou a smaller scale, hut 
sufficient for our work in geology and irrigation alike. 

Senator MooDv. What is the diffeience in paying the expense of 
this sort of topography out of your geological survey appiopriatiou ! 

Director Powell. None at all, if Congress makes a sufficient appro- 
priation. It makes no difference. 

Senator JoNBs. If Congress makes a specific appropriation for a geo- 
logical survey the director would be obliged to expend it for that, ami 
if there was a specific appropriation for an irrigation survey he woulii 
have to ex])enu it for that, but he can make a map for both. 

Director Powell. The cost of the map necessary for irrigation over 
the cost of the map necessary for the geological survey is a trivial 
thing. It is involved in the running of the gradients of the streams. 

Senator Moody. We have secured for actual irrigation purposes 
$8i),000 out of the $250,000, it seems, and the expense has gone towarU 
this topographic work. 

Director Poweli^. What I am trying to get at is 

Senator Jones. I should think that objection would lie to the whole 
amount. The engineering and hydrograpliic work are no more im- 
portant to the irrigation survey than the topography. They are all a 
means of finding out what is CKSential to the location of reservoirs and 
dams. It seems to me if you object to one, you must object to the 
other. 

Senator Gorman. Take this survey you have made. What woiilii 
be the difference in the cost to the Government between using .voiii 
topographic map fcr geological purposes and the one which includes 
irrigation as well as topography t 

Director Powell. One map serves both purposes. 

Senator Gorman. What is the difl'eren(M) in tlie relative cost of pro- 
duciug those two maps? 

Director Powell. That which is necessary to be done for iiTigatioii 
purposes, over and above what is necessary for geological purpo.ses, 
would not exceed 1 per cent. 

Senator Goeman. It would uot be more than 1 pCr cent I 

pirector Powell, No, sir, 
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Senator Eeagan. All that would be necessary would be to narrow 
the contoqr lines? 

Director Powell. !No, sir; that is not necessary. The only addi- 
tional work is the running of the gradients of the streams with accu- 
racy. 

Senator Gorman. So that in this arid country you think it would be 
\7\se to make the appropriations to include both ? 

Director Powell. Yes, sir. I do not think we ought to do the work 
twice. By my method when it is done for one purpose it is done for all. 

Senator Gorman. I would like to ask you, in view of what Mr. John- 
son has said, why is it, in pursuing this inquiry, if the geological sur- 
vey was absolutely necessary to economy and results, that you put the 
engineering parties into the field prior to the completion of the topo- 
graphic work ? 

Director Powell. I have explained that to the committee heretofore, 
but I will explain it again. Four or five weeks ago I explained to the 
committee that in the Arkansas Valley I knew of some reservoir sites^ 
so that it was not necessary to have a topographic survey to discover 
what was already known. I knew that Twin Lakes was a reservoir 
site, and I knew of others. 1 had been studying that country for twenty- 
two years. I was at Twin Lakes twenty-two years ago. 

Senator Jones. You had a topographic map of that country in your 
head. 

Director Powell. Yes, sir ; I knew certain sites, and I said to my 
engineers, " We will not wait a year for a topographic map, but take 
the sites we now know, and examine them while the topographic corps 
is discovering the remainder.'' So I sent a small engineering party to 
make plans of those reservoirs, the sites of which were already known 
or supposed to be known. 

Senator Gorman. Is that the case with every engineering party that 
you sent out f 

Director Powell. Yes, sir. When we sent out an engineering party 
we knew much of the special ground It was going on. 

Senator Moody. Then for irrigation purposes you could have saved 
this $57,000. 

Director Powell. No, sir. Only a few sites were known and many 
had yet to be discovered ; the topographic work had to be done to dis- 
cover them and to find out how much water could be furnished by the 
several catchment areas, and to discover canal sites, dam sites, etc. 

The Chairman. This engineering work for the purposes of irriga- 
tion only needs to proceed as the settlement of that region requires it. 
It does not need to be done in a day, because the land can not all be 
occupied in a day. As I understand you, the engineering party pro- 
ceeds in advance of the topographers where reservoir sites are already 
known. Now, what is the difficulty in allowing the topographic sur- 
vey to go on, and permitting the engineering to proceed independently 
of itt Must the engineering survey, particularly in localities where 
they want the water immediately, be retarded by waiting for the topo- 
graphic survey, or may the engineers go on, using what topography 
yon already have, and survey the known basins, make estimates, and 
let the people use them ? 

Director Powell. Let me explain. There are two things that must 
be determined before the ultimate plans for construction of works can 
be approved and published to the people. We have got to know what 
water is to be controlled. If we make an error in that the whole thing is 
AiBastroQs. If we plan a reservoir site and have not the data before U3 so 
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as to kDOW how mucb water hns to be controlled for that reservoir ante, 
tlie rpi^ervoir may be constructed, and tlio first great storni tbat comes 
along will destroy it, sweep it out. We mustkuow what that drainage 
area is, what the sopply o£ water is. That can not be determinf d by 
any other method than the one which I have adopted in leas than ten 
to twenty years. Ihavedoneit by topogra]>bio methods in part. I have 
explanied to the committee how I determined that. It is impossible 
to do it in any other way as quickly or as cheaply. Second, if we do 
not make a topographic map, we can not make reports until the end of 
a series of years after the streams have been gauged. Then, by tak- 
ing the other method we make it cost five times as much, as I have 
already told the committee. 

The Ohaibmah. Do you mean to say that nothing can be done until 
the topography is complete in eachf 

Director Powell. Let me illustrate. We can not put on the roof of 
a house until the walls are built. We can not erect the walls until the 
foundation is laid, but while we are laying the foundation we can haul 
the bricks aud cut the shingles. For each particular basin or reservoir 
we must have the complete topography before we can report, upon it 
Suppose there is a little stream which will furnish 10,000 acre-feet of 
water in a year. I must kuow the drainage ba^iu of that stream before 
I cau plan that reservoir and know that there is 10,000 acre-feet of 
water to be controlled. 

The Chairman. That is the work of your engineer, is itnotl 

Director Powell. No, sir. No railroad manager would put the 
freight system, the passenger system, the ticket system all uuder oue 
ma.li, A house-builder does not employ the same man as a mason, a 
carpenter, and a plumber. My men are all engineers, but I have classi- 
^ed tbem, putting one class of work iuto oue man's hands, and another 
class of work into another mau's bands, so as to get the best work from 
each. 

The Chairman. Then, I understand thework you have done in those 
localities where the topography bas not preceded will be usdess t 

Director Powell. No, sir. I shall have the tojtography ready for 
those districts before the plans are comjileted and the reports made. In 
two or three months the topography will be ready, and we can then tell 
what water the works will have to control by using the gaugiug of typi- 
cal streams. The final report on the reservoirs of a stream cau not be 
made until they have tlie topography. The engineers cau uot make 
their recommendations until they have. The work done in splitting the 
shingles for a roof is not lost, though it be doue while the workmen are 
laying the foundations. 

Senator Gorman, Was the destruction of the dam in Arizona the 
other day caused by a disregard or lack of knowledge of these thingst 

Director Powell. Yes, sir j the same as at Johnstown. They bad 
miscalculated the amount of water they had to control, and when the 
storm came the dam would not hold the water. 

The Chairman. Do you not think it was because there was not a 
suHieient waste- weirl 

Director POWELL, My idea is that the dam at Johnstown was a good 
dam. 

The Ceairsian. Had it a waste-weir! 

Director Powell. It bad one but it was not large enongh, for they 
had improperly computed the amount of water which bad to be coa- 
troDed. 

Tlie Chaibmah. Is it not easy' to make an ample allowance t 
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Director PowBiiL. Yes, sir; if you know what that ample allowsfcnee 
should be, but suppose you do not know. 

The Chairman. In torrential streams it would seem to be best to 
leave as much waste- way as before the dam was constructed. 

Director Powell. There is something more on that point. There is 
no use of building a dam tocontrol 50,000 acre-feet of water if the basin 
is not going to supply it. I want to know how much water is going to 
come down, and the way to get that hydrographio information is by 
usfng the topographic survey. There is no other way of doing that 
except at great expense. Every gentleman who has spoken on that 
point here has said it would cost from four to ten times as much to do 
it by ot^er methods than that adopted by me. My own judgment is 
six times. 

The Chairman. In gauging streams you gauge the actual amount of 
flowf 

Director Powell. Yes, sir. 

The Chairman. You take the gauge of one stream and use that as a 
basis for other streams in the same locality ? 

Director Powell. Yes, sir. 

The Chairman. You do not use any topography in gauging streams t 

Director Powell. No, sir. 

The Chairman. And the gauging of streams under any system would 
be expensive. 

Director Powell. If I want to know how much water will run ofl 
of twenty-five roofs, I find how much runs from one roof, and then mul- 
tiply 

The Chairman. Your explanation of that was very good, and I ap- 
preciate the advantage of that method. Would not the experience of 
people living on a stream indicate 

Director Powell. It is a very dangerous thing to depend upon the 
experience of people for the data necessary to plan engineering works. 
Ignorant guessing will not do. 

The Chairman. You can not rely upon it; but you can see the marks 
firom fioodSj and gain some information from the experience of the peo- 
ple who live on the stream. As I remarked yesterday, t?he storms in 
that country have had no parallel since 1861-'62, twenty-nine years 
ago. 

Director Powell. We are very fortunate in having a wet and a dry 
year together, and all over that country I have taken advantage of that, 
and have been gauging the typical streams. Something was said the 
other day by Professor Thompson about the maps made by other en- 
gineers in California and I have brought the maps of California with 
me. 

Senator Gorman. I would like to have, for my own information, a 
little more light on the question the topographer in charge of the Ar- 
kansas Basin brought up, as to the administration of office details. He 
states distinctly that in that case, where the engineers were put into 
the field to locate the reservoirs and so on, their work was retarded, 
and its expense greatly added to, because the topographic survey had 
liot been made. Now I understand you to say that you had general 
knowledge of that particular locality. I would like to have further in- 
jbrmation about it, and I will ask you whether it is not an absolute 
necessity to stop the engineering surveys until the topographic map is 
made. 

Director Powell. The actual surt^eys of the reservoir sites them- 
9^7^ should follow the topography. J^^t year they coiUd have don^ 
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BO, for I had topography in other districts ; but they did not ^o into the 
districts in which I bad topography already collected for a very potent 
leason. 

Senator Moodt. What is that reason 1 

Director Powbll, I am proceeding to give it. The people of the 
Arkansas Valley were in condict about water rights. It is a couotry 
that is densely settled, and they were suffering for water, and I thought 
it was wise to go and give speedy relief. So I went to the Arkansas 
Valley. The legislatnre of Nevada had made an appropriation to con- 
struct irrigation works, and they wauted to know where to put thenj, 
and I went there to solve the problem as soon as possible. So, iu all 
the work I did, 1 went into densely populated districts, where the prob- 
lem was pending over the people, believing the people wore anxious for 
the information at once; and I attempted to getthatiuformation in the 
best way. 

Senator G-OBUAN. Then it was the local pressure that made you pnr- 
Bae a course which was not economical 1 

Director Powell. Yes, sir; not the solicitation of individuals, but 
the pressare that came (mm a knowledge of urgent wants of the people. 
Bnt these nrgeot wants wereT^presented by governors, by memhera of 
legislatures, by boards of trade, and leading men of the country. There 
are certain districts of eonntry in the arid region alreaily highly de- 
veloped by settlement, and where the water supply of the smaller streams 
is already used during the season of irrigation. lo these districts the 
people desire to know how to control the greater streams, and especially 
how to store the surplus water, which is very great, and 1 went into 
those districts where the problems were pressing for immediate solu- 
tion. In those districts I already knew some of the facts, but not all, 
and I acted upon the basis of facts known. I knew certain reservoir 
basins, and I said, " We will go on and get the ioformation about these 
basins and supplement onr work by the topographic information which 
we are already collecting," for the topographic survey preceded the 
engineering survey by about seven mouths. 

For a year or two past there has been excessive drought in the arid 
region and large areas of crops have perished by reason of ihem. Id 
those districts the people wanted early information and I believed it 
was wise to give them that ioformation and atljusted the work to tlie 
conditions existing. In entering upon the work I believed that sonie 
loss would be entailed, but that it would be entirely iusignilicHnt in 
comparison with the good that would be done. One of the places which 
I entered upon was the valley of the Eio Grande above El Paso, becaoiw 
the people in the valley had had their agriculture destroyed. The values 
involv^l amounted to mitlions, and I took up the problem to see what 
oonld be done to save those people, and have discovered a pnictical 
solution, and it has already been presented to this committee and to a 
committee of the House, and that conclusion has received theapprov^il 
of both committees and they have introduced bills iu both Houses W 
apply the remedy proposed. Imighthaveproceeded by the other methwl 
to solve the problem iu the same manner with a saving of 8l,(H)0 or 
$1,200, bnt a speedy solution of the problem seemed desirable and I 
shouldered the responsibility. 

Senator Goemah. Then, I understand that in the administration of 
this trust, if appropriations are made hereafter, you will complete the 
topographic maps before putting the engineers at work. 

Director Powell. Yea, sir. I shall have enpugh toi>ography this 
year to employ my engineers for the next year. 
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Senator Jones. Has there been any waste of money in the location of 
such reservoirs as you have located ? 

. Director Powell. If we had had our topographic survey finished we 
would have had less lines to run and would have saved something 
thereby. 

Senator Gorman. What was the difference in the Arkansas Basin 
between the cost of making the survey in the way you made it and mak- 
ing it after you had the topography H 

Director Powell. It cost $1,500 or $2,000 more than it would have 
cost if done the other way. 

Senator Gorman. What was the total cost of the engineering party 
in that basin? 

Director Powell. I think about $19,600. 

The Chairman. Has the work been completed ? 

Director Powell. Only on certain reservoirs. The great body of 
the engineering has yet to be done, and the engineers will proceed with 
it with the maps in their hands, and do it right, and reach results that 
can be given to the people with confidence because all the facts will be 
discovered by the topographic survey. 

The Chairman. I mean the topographic survey of the Arkansas 
Valley. 

Director Powell. It has been completed nearly to the one hundredth 
meridian. 

Mr. Thompson. It is completed to 101.30. 

The Chairman. What proportion of the Arkansas Valley has been 
completed ? 

Mr. Thompson. I am speaking hastily, but I should say that of the 
Arkansas Valley qut to the State line, about four-fifths has been com- 
pleted. 

Director Powell. iNow, Mr. Chairman, you have seen that we are 
making topographic maps for the irrigation survey, and the reasons for 
making them have been given. It has also been explained that the 
same maps are to be used in the geological survey. The maps are made 
once, and only once, and serve both purposes. In other regions we are 
making the same kind of maps on the same scale for geologic purposes 
and the geological survey is going on in some regions where irrigation 
is necessary and the maps which are made for the geological survey 
serve both purposes. The irrigation-survey maps are all that is neces- 
sary for geology as well as irrigation ; the geological-survey maps are 
all that is necessary for the geological survey and the irrigation survey. 
In another region of the plains we are making topographic maps for the 
geological survey, aud I have brought them with me. You will see, as I 
spread them before you, that they are made on the same plan as the others 
and on the same scale, and in like manner reveal the storage basins. Here 
in Kansas is one of the finest storage basins we have ever discovered 
on the plains, and it has been discovered by the topographers of the 
geological survey. The topographic work had to be done for the geo- 
logical survey, and in making these discoveries they added substan- 
tially nothing to the cost of the work. I wish, Mr. Chairman, to make 
it clear that the topographic survey is done but once, and then done for 
both purposes. I have explained this matter to the appropriations 
committee and you will find it in the report of that committee which I 
hold in my hand. 

The Chairman. Was that map made previous to the irrigation sur- 
vey t 
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Director Powbll. It w&b niatle last aummer, at the same time that 
the irrigatioD topography was in progress in auother re^riuH' 

Seoator Moudy. You are inaking maps by the ini^sitioii survaj 
which can l>e Dsed in the Geological Survey t 

Director Fowell. Yes, sir. All the maps made by the irrigation 
snrvey will serve for the Geological Survey, and all maps made for tbe 
•Geological Survey will serve for the irrigation survey. FKefers to map.] 
You see here is the Arkansas River. Here is a little basin, SmilfS 
from the Arkansas River, at about the ninety-ninth meiiilian. This ia 
in the subhumid region. We are pushing the topogi Lipliy for tlie 
Geological Survey in tbe subhumid region aud paslii^g the irrigatioa 
survey iu the regiou to the west, 

Seuator Moody. [Indicating on map.] Is tbe water taken outtberel 

Director Powell. Yes, sir ; it is taken out there. We can creiite a 
lake there Ipoints], and there is low land lying along there to wliich ttie 
water cau be conducted. 

The Chaibuan. Is there anything else you wish particularly to pre- 
sent t 

Director Powell. I have not yet had twenty miiiutea in which to 
make a clear statement of tbe case. If I could have twenty niimites 
I would like very much to have it. I have been so frequently inter- 
rupted that I have drifted everywhere. 

Senator Moody, Still you have given us much information, and it is 
always a good thing for us to snggest qnestJons, because then you 
know what is running in our minds. 

The Chairman. Could you condense what yoa have to say and send 
it in writing 1 

Director PowELL. I can. 

The Chairman. Do that, and bring it in. 

Director Powell, I will attach it to my statement. If tlie committee 
want opinions about this matter I should like to have the Superinteiiil 
ent of the Coast Survey brought here. I want to say to ynu that 1 hail 
selected tbe preset) t Superintendent of the Coast Survey to take ch»rge 
of this work. Ke had the matter under consideration when the Presi- 
dent offered him the position he now occupies, fie is one of tbe best 
hydrographers in America. 

The Chairman. What is his name I 

Director Powell. Mendenhall. fie is familiar with tbe problem, 
and has discussed it with me. 

The Chairman. I think we will call him. I would like to hear what 
be has to say. 

Director POWELL. If you will address him a letter, asking hiin 
wbettier my method, with which he is familiar, is the most ecouomic, 
most thorough, and most speedy, I think he would answer. 

Seuator Moody. Is there any necessity for topography for the sor- 
veys you make out on the plains I 

Director Powell, Whenever I am allowed I want to present to yon 
the question of what kind of a survey is needed on the plains ; it needs 
a slightly different survey from that of the mountain region. 

Seuator Moody. Can you state, iu a general way, whether there ia 
any uecessity for the topographic survej' f 

Director Powell. Yes, sir; it is chiefly topography on the plains. 
Professor Thompson told you that the British Government has made a 
topographic survey in India. That government has covered much of 
India with a topographic survey, and I can bring yon many volumes 
of tbe reports of that survey. Everywhere in the civilized world, with- 
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oat aBy exception, they make topography the basis of an irrigation sur- 
vey — in Italy, in Spain, In France, the Freuch in Algeria, the Russians 
iu their arid regions, and the British Government in India and th6 
French and English engineers in Egypt, and I have specimens of the 
maps which they made with me if you wish to see them. 

The Chairman. Suppose the engineers took the same instruments 
that you use, w^hat would be the difficulty of their making the topo- 
£^raphic survey that would be necessary for their work in the same 
manner that you make it preliminarily, but on a smaller scale, to as- 
certain where to locate their ditches, and all that ? 

Director Powell. None at all if on the same scale ; if on a smaller 
Bcale it would not serve the purpose. But I would not take the man 
who is to stand by the river gauging the water and break up his work 
by sending him away to discover reservoir sites or canal sites or the 
area and declivity of drainage basins. He has all the work that he 
can do on the rivers in measuring their flow. I would not take the 
man who is to plan the dam and have him measure a river 20 or 3Q 
miles away, and hunt a canal site perhaps 20 or 30 miles away in 
another direction. I would divide the work among skilled men, so' 
that each one should do his part in the most economic and thorough 
manner. All the men are engineers, all doing work of the irrigation 
survey, but the work is divided among them on the economic princi- 
ple well known as the division of labor. On a railroad one man is not 
ticket agent, freight agent, engineer, brakeman, and surveyor, but the 
work is divided among the men, and each takes his proper part. So in 
the irrigation survey, the work is divided among the men and each 
takes his proper pa.rt, one to do topographic work, one to do hydro- 
graphic work, and one constructive work. 

Mr. Chairman, you have already received statements from myself 
and my assistants of the amount of money allotted at the beginning of 
the season to the topographic work, the hydrographic work, and the 
engineering work, and you have learned that a sum of money was re- 
served for subsequent contingent expenses. That reserve fund has 
been chiefly used in two ways: the engineering and hydrographic 
work has been strengthened in some places, and a small amount has 
been used in that manner; but the principal part of the reserve fund 
Las been used in making segregations of land as required by the stat- 
ute. Everywhere throughout the country it has been found that the 
people were anxious that these segregations should be made at the 
earliest possible date. 

The statute reserves them from the 2d of October, 1888, the date of 
the signing of the act, even though the selections are not made until 
some time later. Whenever they are made the date of reservation is 
the 2d of October, 1888, and there were two reasons why the people 
wanted these segregations made rapidly, first, that they might know 
what lands were withdrawn from occupation and sale under the desert 
land act, timber land act, and pre-emption act, and which could be set- 
tled only under the homestead act; second, they are exceedingly anx- 
ious that reservoir sites and canal sites should be withdrawn from 
sale that they might not fall into the hands of individuals for spt cula- 
tive purposes, and a great pressure was brought upon the Director of 
the Survey to make these segregations speedily, and the work was 
carried on with all the vigor possible. A great number of reservoir 
sites, such as mountain lakes, etc., already known, were re-examined 
tibroagh the aid of the Land Office plats and from the general geographic 
information in the possession of the Survey; and such sites were cer- 
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tified to the Land Office as being reserved under the provisions of the 
statute. The general information in the possession of the Survey also 
indicated that certain great tracts of land should be reserved under the 
statute. A reconnaissance of such lands has been made, the Land 
Office plats examined, and 30,000,000 acres of land have been selected 
for final examination in the Land Office, so as to exlude all lands 
on which legal filings have been made. In one case, on Bear Riveri 
in Idaho and Utah, the people were in conflict, and the governors 
and people petitioned the Secretary of the Interior asking that lands in 
that region should be protected from occupation at the earliest date aa 
important reservoir and canal sites were being occupied, and the Secre- 
tary of the Interior, while I was in the field, telegraphed me a peremp- 
tory order to send officers to that region and make the necessary segre- 
gations, and it was done. 

For more than twenty years I have been conducting explorations 
and surveys in the arid lands. During the first year of my work in 
that region my attention was directed to the arid land problem, and 
from that day to this it has been my chief study. My field of study 
has been threefold : First, I have studied the lands themselves and 
the waters which are to supply them, and the forest areas on which 
they are dependent. Then I have studied carefully the practice of irri- 
gation in the United States, and much of it has grown up under my eye 
until 8,000,000 acres of land are now under canals in that region. Then 
I have provided myself with the literature relating to irrigation, espe- 
cially the engineering literature. From all of these sources, and aided 
by counsel and advice from my assistants who are able men, I have 
gradually developed a system of survey of the arid lands. More than 
fifteen years ago I commenced the gauging of streams. More than 
fifteen years ago I commenced the selection of irrigable lands tenta- 
tively, and thousands of people — scores of thousands — have settled on 
lands selected by myself and under my advice, given through the 
agency of maps and reports. 

The conclusions which I have reached are not hasty, for I have given 
to the subject the best thought and energy of my life. In the solution 
of these problems two men have been most intimately associated with 
me and they have been considering them to a greater or less extent for 
many years. I refer to Mr. Gilbert and Mr. Thompson. We have 
sometimes disagreed about practical methods, but ultimately we have 
arrived at substantially the same conclusions. And the plan which I 
have submitted to the committee and which I previously submitted to 
the Congress is the outcome of all that study. The theory was to make 
a practical survey at the smallest expense which would give the great- 
est amount of information to the Congress and to the people actually 
engaged in irrigation, and to do the work not in the interest of particu- 
lar individuals or of corporations, but for all of the people; so that if 
the farmers were to control the waters for themselves they would know 
how to do it in a thoroughly economic manner, and if they were to en- 
gage corporations to do the work for them they would have the neces- 
sary information to make their contracts with intelligence. 

I have witnessed the wasteful expenditure of much labor and money 
aggregating millions of dollars. I have witnessed the granting of rights 
to companies to furnish water that were improvident and I have wit- 
nessed the reaction from these unwise contracts expressed in conflict 
with the water companies and expressed in unfriendly legislation and 
local regulation by which improvident rights once granted were de- 
stroyed. It has been in view of all these facts that the establishment 
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of water rigbts where they were improvident and wasteful, the growth 
of the vast system of conflict from water rights which now exist, the 
impairment of the catchment areas of water by the destruction of 
forests, and the many other problems which I have already presented 
to the committee, that the legal, industrial, and engineering problems 
have all been considered, and I have for years been gathering all these 
facts and from time to time have been presenting them to the Congress. 
And the survey which I have gradually developed has been the chief 
agency for the accumulation of fkcts for the people, and as finally organ- 
ized, was intended to assemble them completely and thoroughly in 
such a manner as to be of the greatest utility to the farmers them- 
selves and to be of the greatest value to the States and to the General 
Government in the regulation and establishment of rights under this 
new industry. 

It has seemed to me that by far the most important thing to be done 
in the interest of the people was to make a topographic map on which 
would be assembled in a graphic manner the principal tracts to be con- 
sidered. I have, therefore, in the management of the early explora- 
tions and surveys, and later in the conduct of the geological survey, 
thoroughly represented the purpose and importance of the topographic 
map, and the subject has been examined by a joint committee of the 
two Houses and met with its approval. It has also been considered 
from time to time by the appropriation committees and moneys have 
been granted for its construction. When a more speedy and special 
survey was demanded and the statutes required that the lands and sites 
should be segregated and the works planned and the cost thereof es- 
timated, I stated that the basis of the work would be a topographic 
map ; that the map which we were making in the geological survey 
for its purposes would serve the purpose of the irrigation survey as 
ordered by Congress, but that to wait for these maps much time would 
be consumed; that as the work was thon in progress it would take 
about thirty years to complete it, and that if it were desirable to prose- 
cute the inigation survey speedily it would be necessary to do the top- 
ographic work for the irrigation survey, and that the maps then con- 
structed would serve the purposes of the geological survey; that topo- 
graphic work must be done for each and both purposes, and if done for 
one would be done for both. 

With this understanding the appropriations for the irrigation survey 
weremnde in terms requiring the preparation of the maps used — in the 
same terms that required the preparation of the map for the geological 
survey. The law, therefore, authorized the survey on the plan which I 
had recommended to the Congress and it has been faithfully pursued 
according to that plan. I represented, before the appropriation was 
made, that the map was necessary and the appropriation was made in 
terms authorizing its preparation. The question now arises. Was that 
plan wise f Is it the most accurate, the most economic, and will it give 
results to the people in the shortest time f My views on this matter 
have already been presented in part, but in a desultory manner from 
the fact that they appear in interlocutory form and often complete an- 
swers were not possible. I therefore desire to make a summary state- 
ment of the necessity for a topographic survey as the basis of an irriga- 
tion survey. 

Under the survey I have to discover diverting dam sites, reservoir 
sites, irrigable lands, and canal sites from streams to reservoirs and from 
reservoirs to lands. All these are called for in the act. Some method 
of discovery, then, must be adopted. To guess at them by ridiog over 
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the country and then testing the guesses by trial lines is a veiy expen- 
sive method. It costs on an average $25 per mile to run a trial line 
on the ground. Altogether hundreds of thousands, perhaps more than 
a million of miles of trial lines would have to be run if this method were 
to be adopted, and the average expense of running a trial line, as shown 
by the experience of railroad companies in this country, is about $25 
per mile. But I had already demonstrated that a cheaper method could 
be used. I had superintended the conduct of topographic surveys for 
several hundred thousand square miles and found that railroad eu<;i- 
neers could use those topographic maps and save the expense of trial- 
lines. They could take a topographic map and select a line and survey 
'that one alone for construction purposes, <and this is now the practice of 
railroad engineers everywhere throughout the country where our maps 
are made. 

Let me illustrate the economy of this method by a single instance: 
The Canadian Pacific Bailroad ran trial lines which cost $3,000,000, and 
then built the road along a route which was not the best, and then 
changed the route over part of its course ; and it is now discovered that 
the best route was still not found. Had a topographic map of the 
country, 200 miles in width from the eastern terminus to the western 
terminus, been made it would have cost much less money and the best 
line would have been revealed and a great saving would have accrued, 
and the map thus constructed would have served the purpose of all the 
tributary lines within the district and the purposes of a geological sur- 
vey and everything else for which topographic maps are needed. 

1 have stated to the committee, and have made the statement after a 
careful consideration and years of study of the special problem, that 
the. trial-line system for the discovery of lands and sites would cost three 
times as much as a topographic map system and when completed it 
would be less satisfactory. , But if the topographic system were adopted 
it would not only be cheaper and more satisfactory for the purpose, 
but it would also serve the purpose of the geological survey and all 
other purposes for which topographic maps are used. 

But the use of the topographic survey does not end here. There is 
yet another use of the topographic branch of the work equally impor- 
tant with the one already given and which would require it to be done 
were there no other reason for it. I refer to its use in the hydrographic 
survey. The arid region is naturally divided into many thousand dis- 
tinct drainage areas, each one of which must be considered separately 
in planning irrigation works, as each one is a catchment area for the 
water which is to be controlled and used in irrigation. That the waters 
in each basin must be measured in some manner is manifest for the fol- 
lowing reasons ; First, if works are to be planned the amount of water 
to be controlled by the works must be known in each case. The dams 
to divert water should not be too great, nor too small ; if too great an 
unnecessary expense is incurred, if too small the entire catch may not 
be secured. For the planning of dams also it is necessary to determine 
the volume of the maximum flood. All this requires a knowledge of the 
mean annual volume, the minimum annual volume, and t!ie maximum 
annual volume, and the maximum flood volume. Again, if canals are 
planned they should be neither too small nor too large; if too small they 
can not perform the service, if too great they are made too expensive. 
Again, the gradients of the canals must be determined, and this depends 
upon the amount of water which they are to carry. If the volume is 
small the gradient must be large, if the volume is large the gradient 
'must be comparatively small. Then the reservoirs are to be planned* 
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Per this it is necessary to determine the amount of water which can 
be stored. It would be unwise to plan reservoirs unnecessarily large for 
the service, or so small that they would not perform the service. How, 
then, shall these waters be measured ? Now, experience and long ob- 
servation make it manifest that the gauging with meters and nilometers 
of the waters of each of the many thousand districts eould be done 
only at a great expense. 

Bntacareful investigation of the subject had already revealed another 
method, and when its cost was computed it was believed by myself to 
be about one-sixth of the cost of direct gauging. This method has al- 
ready been fully explained to the committee. It is proposed to use the 
facts gathered in the topographic survey necessary for the other pur- 
poses, and to gauge a few typical streams with great accuracy and to 
derive from these ftictors and the general rain-fall tables in differing lat- 
itudes, longitudes, and altii udes a system of formulae by which the water 
supply can be computed for each district. Thus it is proposed to solve 
the problems in part by experimental demonstration and in part by 
oompntation. I believe that by this method hydrometric results can be 
obtained superior to the results by direct gauging, and it can be done 
for a very much smaller amount, making a saving equal to twice the 
cost of the topographic map. It is thus that the topographic method of 
doing the work as compared with the trial line and direct gauging 
method will cost only about one-iifth of the amount which those meth- 
ods would cost. If, therefore, it is considered that it is the most accu- 
rate and the most economic method, it remains to be shown that it is 
the most expeditious. This will appear from a consideration of the fol- 
lowing conditions : A number of typical streams are gauged, the maxi- 
mum rain-fall of any special stream may not be found without taking the 
observations for a long series of years, but of a large number of streams 
widely distributed throughout the country. Maximum and minimum 
volumes will be repeated now here, now there, now elsewhere, from time 
to time. We thus are able to get this maximum and minimum in a few 
places in a comparatively short time, and by the use of the method 
which we have adopted of measuring catchment areas and their decliv- 
ities we can easily determine the general extreme conditions in each 
case without waiting for the long period of time to elapse. It is thus 
clear that results can be obtained in a much shorter time by the method 
adopted. It was therefore believed to be more accurate, more economic, 
and more expeditious. 

It must, then, be remembered that the topographic work must be 
done anyhow for the geologic survey. That question has already been 
examined at great length b^ Congress and approved, and the law ai- 
reets it. Whatever is dope for the irrigation survey is thereby saved 
for the geologic survey. But it seemed to Congress that the irrigation 
survey should be pushed forward more rapidly than the geologic sur- 
vey, and therefore the expense of the map is charged to the irrigation 
survey and paid for out of the appropriations made for that work, ex- 
cept in those regions where the geologic survey is in progress : there 
the max^s constructed are used for the irrigation survey. 

There is yet one other question in this connection which 'has been 
raised in the committee and which deserves complete answer. It is 
this: Would it not be possible to do a little work in each district from 
year to year, just enough to meet temporary wants, but to supply those 
wants fully t Uf the thousands of districts which I have mentioned, 
there is no one which is not already settled, there is no one which does 
not already require the information which this survey will give. It is 
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not poBBible to do a part of tlie work m any one district and leavi 
whole nntlnislied and imfiierly utilize that work. The ontirti di- 
innst ba understood, surveyed, all tLe facta obtained, before auy ].i 
pl;tn cau be preseuted. Each such district muBt be completiid I" 
results cau be reached nliich wilt be of value to the people auci - 
their needs. But more, it is sometimes the case that two, thi' 
more adjacent districts which lie in one great river system are : 
dependent; that is, they are so related that the problems in o\\- 
not be solved without at the same time solving the problems i<\ 
others. There will, therefore, be many cases where several disl: 
each having a distinct system of works, will have to be completi 
gether. As the work of the whole arid region can not in all probiil 
be done all at one time — because it can not be hoped that appio; 
tions will be made for it iu that manner, and if made it would hr t 
cult to find the trained necessary officers and difficult t« admiDi»;> 
there remains only the policy which has already been inaugurat<< 
selecting those districts where the prolilema are most pressing f(.ii 
mediate solutiouand of taking them in their order according to tbc 
judgment of theofticer who has charge of tlie work and admiuistei> 
truftt. 

In conclusion, Mr. Chairman, I crave permission to earnestly ' 
theimi)ortaTice of doing this irrigation isurvey work in the most thoi < 
man uer. The exteut of the area to be redeemed is involved in the d 
tion. If the work is well and properly done the greatest area can 
brought under agriculture; if carelessly audbadly douea much snia.!. 
area of agriculture will ultimately be developed. The relative wsi 't 
the construction of these works is also involved in good or bad wurJi 
If the work is badly done it may easily cost two or more times wli i' 
would if properly planned. This meaus ultimately differences of m 
hundreds of millions ot dollars in alt; and there is yei, another cm 
eratiou : All tlie waters of 1,500,000 square miles are to be used in 
gation ; all the rain that falls from the heavens above those lands : 
the waters that run in the brooks, creeks, and rivers. These water ~ 
enormous, almost inconceivable powers, and they are to be cuntn < 
It is possible to store these powers so that they will forever be a nuii 
to the people whose agriculture will depend upon them. India, iu wlm 
the waters have been stored for many centuries, is covered with breaciiti^ 
reservoirs; and the problem of making these I'eseivoiis safe for tbt- jvo 
ph^ i.s considered the most important problem presented to the Unii-i 
cnuineers in India. That same problem is committed to the sun 
under my ciiarge, and 1 think I have some realization of itsmagriiti. 
The officers associated with me in the work feel tike responsibil;' 
and I must beg of you not to diminish that responsibility by presciil 
methods of procedure in the work which must necessarily result in 
preparation of plans with insufficient data, and in leading the p< i 
who construct the works astray, and submitting their property — ib 
fields and homes— to imminent destruction and putting them in peril <>i 
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Mr. Chairman, for the long and patient hearing which you have ^VflB 
me I cau only express most prutbuud thanks. 
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HINTH DAY'S SESSION. 

WASHrasTON, D. C, March 28, 1890. 
The committee met at 10.30 o'clock a, m. Present, Mr. Stewart (chair- 
man), Mr. Plamb, Mr. Moody, Mr. Jones, aod Mr. Keagan. 



The Chaibman. What is your occupation, Mr. Bodfisb f 

Mr. BoDFiSH. I am an engineer in the Geological Survey, engaged in 
the irrigation division. 

The Chairman. Were yon engaged during last year in the irrigation 
workl 

Mr. BoDFiSH. Tea, sir ; I was engineer of the Arltansas division. 

The Chairman. Will you state what use you were able to make of 
the topographic survey in the surveys which you made in the Arkansas 
division la«t year, and also state what necessity there was for such a 
snrvey in counection with your survey t 

Mr. BoDPlSH. I have had uo maps of the topographic survey in con- 
dition to use yet. The party has not yet finished its maps, as I nnder- 
Btand. 

The Ghaibhan- Are topographic maps necessary for your engineer- 
ing work in surveying for irrigatiou S 

Mr. BODFlSH. They are not absolutely necessary. If I had good 
topographic maps they would be very useful. 

The Chairman. Can the engineeriug survey be carried oii in advance 
of the topographic survey I In other words, ean an engineering party 
do. what topographic work is necessary for the purposes of irrigation ! 

Mr. BODFISH. I think it can. 1 think the topography should he 
ander the immediate direction of the engineer, and such limited topog- 
raphy as 

The Chairman. What topographic work is necessary for irrigation 
purposes T Explain briefly how you carry on your eugineeriug opera- 
tions, to what extent you go into topography, and what use you make 
of it 

Mr. BODFISH. I^he irrigation problem, as I understand it, is simply 
stated : The first step is the discoveiy of a location f jr storage ; second, 
the amonnt of water that yon can store at that locality ; third, the cost 
of storing that water, bnilding reservoirs, etc., and fourth, the means oi 
distribating the water over the country below and the cost of distribu- 
ting it. Id determining the location of a reservoir, if good topographic 
maps were in existence, they could be utilized, first, in a negative way, 
by keeping one from looking for a reservoir where there is great im- 
probability of finding it; but as most of the reservoirs must be found 
on the streams and not off of them, it is better, in my opiuioit, for the 
engineer to search all streams, because unless a topographic map is 
m^e with great detail it is not possible to delineate everything in that 
map that might be utilized as a reservoir; this would be true, especially 
of a small one. The engineer himself should search every stream for 
the reservoirs, and having ascertained where they are, then make the 
necessary surveys for determiuing the amount of water that can be 
stored, and for estimating the cost of coDstruction. Then he has to de- 
termine the amoout of water that can be obtained there. Xf he knowa 
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the rain-fatl, the topographic map wonld be of some asaistaDCe to him; 
but from the map alone it is impossible to positively deteriuiDe the run- 
off; the true way to determine the ruu-off would be to measure it at ttie 
poiat where the reservoir is to be located. 

The (Jhaikman. Must you necessarily go into detailed measuremeBts 
at all places you build reservoirs, in order to ascertain the riui-off f Is 
it necessary to obtaiu the details with that degree of accuracy t 

Mr. BoDPisH. No, sir; because the necessities of the reservoir site 
wonld not require it. He can judge from the appearaoceof tbe stream 
at the time he is visiting it, by the high water marks, or by talking 
with the inhabitants, or by comparison of the drainage areas above 
that reservoir site that he finds ou maps, whether it is possible to buiW 
that reservoir. If it is a doubtful case, whether he shall build a'great 
or small dam, it is a question he must make a careful examiDation to 
determine. 

The Ghaibman. With regard to the construction of reservoirs on 
streams that are vtoleut and torrential in fiood times, what oircnm- 
sDiuces does the engineer take into consideration to determine wliat 
kiud of a dam it is safe to build t 

Mr. BoDFiSH. In al most all of those streams that are torrential there 
are high-water marks, because the torrential currents are so swift that 
the.y leave a mark} so he can determine whether it is a stream of that 
character. 

The Chairman. Can he, from the declivities of the surronuding bills, 
without actual measurement, approximatethe rapidity with which water 
will be forced against the dam in tlood timet 

Mr. BoDf isu. I do not think he can. 

The CHAiaaiAN. He can not do thati 

Mr. BoDFiSH. Not very accurately. 

The Chairman. Then it is not ordinarily safe to build dams in these 
large torrential streams f 

Mr. BoDFiSH. No, sir. 

TheOHAiBMAH. When you go into a stream like the Arkanaas to 
build a dam high up, where it is torrential in flood time, how do yoa 
avoid the danger, and when you do build one, what precautions do yon 
takeT 

Mr. BoDFlSH. If yon do bnild one, the precaution wonld be to make 
it an overfall dam. The building of the dam wonld depend on the 
amount of watei it would have to carry. If the stream is a rapid-talliDg 
stream, as is usually the case in those regions, the chances are very few 
of finding a good reservoir site ; but you might find a gorge with a com- 
paratively Hat basin above, where you could store the water at a sufG- 
cientty law cost to warrant the construction of a high overfall dam. 

The Ghaibman. Is it not sometimes possible to build dams in sucb 
|)lacea and turn the water over the rocks and give it as large a water- 
way as it originally bad t 

Mr. BoDFiSH. Sometimes; but I should say it is rarely possible. 

The Chairman. In that country will not most of the dams neces- 
sarily be built out of the main stream T 

Mr. BoDPiSH. In the Arkansas Valley T 

The Chairman. Yes. 

Mr. B0DFI8H. As far as I have become familiar with the Arkanstu 
drainage basin, the reservoir sites are found on the streams. 

The CH.VIRMAN. Are there lakes on the streams which indicate reser 
voir sites T 

Mj. BoDpjgq. Most of Uiose I have found on the Upper AikansaB 
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liavebcen caused by glacial action. They have been canaed by the 
terminal moraines across the original drainage lines. They have, been* 
natural basins in the past. Farther down the stream there are a few 
small ones that have been made by the washings in from side gorges ^ 
into the larger cai5on, making banks between which you might build. 
Those are dangerous localities to build in, however ; the foundations- 
are precarious, and the large canon, as a general rule, falls rapidly. 

The Chairman. In utilizing these rivers, which class of reservoirs do 
you recommend the construction of first ? 

Mr. BoDFiSH. Those built on the streams. 

The Chairman. They are much more expensive, are they nott 

Mr. BoDFiSH. Weil, that is to be determined. 1 have not seen the 
others yet. 

The Chairman. You have not seen any except those which are on 
the streams ? 

Mr. BoDPiSH. No, sir ; all I have found are on streams. 

The Chairman. If you could find sites higher up, where the reser- 
voirs could be constructed cheaply and safely, would it not be well to 
commence there and make your cheap reservoirs first ? 

Mr. BoDFiSH. I must say here, that the area that I have prospected 
over lies within the mountainous district. 

The Chairman. I am speaking of the mountain district. 

Mr. BoDFiSH. In the Arkansas Valley mountain district reservoir 
sites oft' the streams do not exist. It is a rapid -falling stream, and all of 
its tributaries are rapid-falling streams. 

The Chairman. When you have surveyed and finished your work in 
the mountain regions, what surveys do you make for the purpose of 
ascertaining ditch lines, so as to show what lands will be under water 
when the works are constructed ? 

Mr. BoDFiSH. If the water is taken out of the streams directly below 
the mountain region, a trial line — wh3it I would call a " fly ^ line — 
would be run from the point from which we wished to take the water 
out. 

The Chairman. Would a topographic map be sufficiently accurate 
to enable you to dispense with that ** fly '' line or trial line ? 

Mr. Bodfish. If it was a good topogra[>hic map, well constructed^ 
we might in some pLices dispense with the trial line. 

Senator Moody. You mean if it was a topographic map that wtw 
constructed under tiie supervision of an engineer, as an engineer would 
construct it ? 

Mr. BoDFiSH. Yes, sir. 

Senator Moody. It would have to be such a map, and not a mere 
topographic map — a map of the surface? 

Mr. BoDFiSH. A general map of the surface may be good for general 
purposes, but not for specific purposes. 

The Chairman. What proportion of t^e work on the Arkansas, for 
example, would be dispensed with if you had a good topographic map 
to begin with ? How much cheaper would it be to make the irrigation 
survey if that preceded it ? 

Mr. BoDFiSH. I do not think it wotild be any cheaper, sir, in the Ai^ 
kansas drainage basin. 

The Chairman. You would have to do about the same amount of 
work at any event T 

Mr. BoDFiSH. Yes, sir. 

Senator Keaqan. If you had a topographic survey, would you have 
to make trial lines the same as you do without a topographic survey, iu 
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order to ascertain the extent and character of a drainage basin aud to 
establiHli the hnes for ditches f 

Mr. BoDFiSH. "So, sir; not necessarily. 

Benator Bbaqan. If you would not, how do you make out that it 
would cost »s much to make the irrigation survey with a topogiaiihic 
survey as without Itt 

Mr. BoDFiSH. As I nnderetand it, a topographic survey means » 
survey of the whole district within the boundary lines of the draiua^'t 
area. 

Senator Kgagan. That is what I mean, the draiaage area and tbe 
country to be supplied with water and irrigated, 

Mr, BoDFiSH. Even having a topographic map of the entire area, 
and even with the rain-fall given, I wonld not kiiow the quantity of a,b- 
sorption or evaporation ou the surface. 

Senator Reagan. Would you know that by an engineering sarvey ! 

Mr. BoDFiSH. I could not determine the run-off of any stream. 

Senator Reagan. You could not determine that in any way except 
by hydraulic esperimeuts. 

Mr. BoDFisH. I could determine, by measuring the streams, the 
amount of water that runs off. 

Senator Reagan. What I am trying to obtain from you is an ex- 
planation of tbe answer you made to the chairman, that it wonld not 
save any espeuse to have a topographic survey precede your irrigation 
survey. 

Mr. BoDFiSH. If I had to do the same work after the topographic 
survey was made that I had to do before, it would cost more. 

Senator Beagan. But would you have to do it f 

Mr. BoDFisH. Yes, sir. As I explained to you just now, I wonltl 
have to weigh the amount of water that passes a certain point, any 
way, even if I had a topographic survey of the area. 

Seuator Reagan. If yon had a topographic survey, would yon not 
know the drainage basin from that? 

Mr. BODFiSH. Yes, sir. 

Senator Reagan. Wonld yon not know where you conid fix your 
dam from that 1 

Mr. BoDFisH. Not necessarily. It would depend opon how well the 
map was made. I mean by that, that a map showing 20-foot contonrs 
would not necessarily 

Senator Reagan. Would yon not know the coiintry that wonUl be 
supplied by irrigation from a topographic map ? 

Mr, BoDPisH. Not until I hatl located the reservoir. If I could not 
locato the reservoir from the map, I could not tell yon what country I 
conld cover. 

Senator Reagan, Kow do you get the information as to where you 
shall locate the dam and reservoir 1 
. Mr. BoDFiSH. By personal inspection on the ground. 

Senator Reagan. And not a survey. 

Mr. BODFISH. Yes, sir. 

Benator Jones. I understood yon to say a while ago that a topo- 
gra|)hic survey would save you from makiug examinations where it 
would be impossible to find reservoir sites. 

Mr. BoDFiSH. It will in some cases, sir. 

Beuator Jones. Then there would be at least that shadow of differ- 
ence between the cost of locating works with and without a topographic 
survey. 

Mr. BoDnsH. If tbfi topographic map sbQWS nip the water ftQws oyer 
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a drainage line tbat falls a hundred feet to the mile, it is very little use 
for me to go there to find a reservoir site. 

Senator Jones. It would be no us^ to go thereto look for a reservoir 
site? 

Mr. BoDFiSH. No, sir. 

Senator Jones. If you found that out from a topographic map, even -^^ 

if you could find it without the topographic map, then you would save J 

something by the use of the topographic map ? ' 

Mr. BoDFiSH. Yes, sir. I 

Senator Jones. Then you do save something by the use of a topo- J 

graphic map in such a case as that? : 

Mr. BoDFiSH. I stated that 

Senator Jones. I understood you to say that there would be no sav- J 

iDg in having a topographic map. L 

Mr. BoDFiSH. I referred to the entire work of examination and con- ^ 

strnction and not to special cases. If I have a map of the entire area, * 

an<l by examining that I can ascertain that there is one-fourth or three- ' * 

fourths of that area that I need not consider, so much of my time is * 

saved, and even if I had to examine all of those streams, I think per- ^ 

sonal inspection would cost less than a topographic survey of the whole f| 

drainage basin. 

Senator Beagan. If you should make a topograhpic survey on a 
stream, would you not know from that topographic survey where the 
narrowest gorge was ? 

Mr. BoDFiSH. Certainly. 

Senator Beagan. The facts as to the character of the soil^ of course, 
you get by inspection f 

Mr. BoDFSH. Yes, sir. 

Senator Beagan. If you know the location of the narrowest gorge 
wfaii:h will create the largest basin, is that not where you will locate ■ 

your reservoir dam ? ■ 

Mr. BoDFiSH. Not necessarily. 

Senator Beagan. What would be the exception to that t 

Mr. BoDFiSH. The fall of the stream above, or other facts — whether i 

it will hold a suf&cient quantity of water I 

Senator Beagan. You do not take my whole question. I say after s 

you have ascertained your basin by the survey is it necessary to go 
over that again, or do you suggest the idea of guessing at it? 

Mr. Bodfish. I would not send an engineering party there to make | 

a special survey of that reservoir site without having personally visited * 

and examined it to see whether it was represented right on the map. 

Senator Jones. If you were making an examination of a given water- i 

shed for reservoir sites, without a map of any sort or of any description, ! 

would you have to make a personal inspection of the entire territory t • 

Mr. Bodfish. Yes, sir. | 

Senator Jones. How would that be made ! • [ 

Mr, Bodfish. First, by myself riding over the country, or by having 1 

some intelligent assistant, to whom I could delegate p^rt of that work, * 

do it for me. 

Senator Jones. By simply examining it with the eyet ' 

Mr. Bodfish. Yes, sir. 

Senator Jones. Then, when you found the location, approximating, | 

aooording to your judgment, the conditions required, what more par- 
ticolar examination would you have to make to ascertain the facts in 
the case ? 
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5Ir. BoDFiSH. I send one of my parties there to make tbe actual am- 
vey and ascertain what diflfereut heights of diim are reiiuired — how 
much water different Ijeights of dam will contain. 

Senator JoNBS.' What does the party do ! 

Mr, BoDFiSH. They make a minut* coutonr map. showing 10 feet of 
elevation, and they uakeacarefnltopographiceuivey of tUeimmudiiite 
location of tbe dam. 

Senator Jones. How would the topographic survey which yon wonlii 
have made by that party differ from the topogriqibic survey as made 
now under the direction of the geological survey for the puipoises of 
irrigation t 

Mr. BoDFlSH. It is made in tbe sitme manner, but with a great deal 
more detail. 

Senator Reagan. More detail as to the actual place of tbe reservoir! 

Mr. BODFiSH. The contour of tbe basin is shown more in detail. 

Senator Junes. The principal work would be at the particular place 
where you intended to locate the reservoir 1 

Mr. BriDPisH. Yes, sir. 

Senator Jones. And the examinations of the outlying ground would 
be leas minute f 

Mr. BoDPisH. Yes, sir. 

Senator Jones. Would those outlying examinations be more minute 
thiiii the geological survey I 

Mr. BoDFiSH, Yes, sir. 

Senator Jones, And you would examine tbe whole drainage basint 

Mr. BoDFiSH. No, sir; tbe whole storage basin — the storage basin 
caused by the dam. 

Sfoator Jones. You misunderstood my former question. I asked 
yiiii in tbe beginning as to whether your examiuatiuu of tbe storage 
));isiu would be more minute; then I asked you if your esaminatiuu uf 
tiic outlying region would be less minute. 

Mr. BoDFISH. That would not be examined at all. 

t^enator JOI4Q3. You would not examine anything except the area of 
the lake you intended to makel 

Mr. BoDPlSH. No, sir; but if I could not ascertain from the laud 
oflice survey the boundary lines of that drainage basin, I would me 
ander it in a crude manner sufficiently to determine what the drainage 
area was ; but I see no necessity of making a topographic survey over 
that entire area, showing the contour. 

Senator Jones. It would make no difference whether that was steep 
or level, or slightly rolling or anything of that sort! 

Mr. BoDFiSH. Nothing more than my eye would show. 

Senator Jones. Then, as I understand you, your idea is that tbe 
topographic examination made in connection with the geological survej 
for irrigation purposes is entirely useless T 
* Mr, BoDPiSH. It is not absolutely necessary at all, sir. 

Senator Jones. And in the location of the reservoirs, you think all 
that is necessary is to survey exactly and particularly the location of 
tbe lake and nothing else, except to get, in a rough sort of way, a geu- 
enil idea of tbe size of the drainage basint 

Mr. BODFiSH. Yes, sir. 

Senator Jones. Without regard to its topography f 

Mr. BODFtSH. Yes, sir. If I weigh tbe amount of water passing that 
piiint, I can weigh it more cheaply, I can measure its flow and quantity 
more cheaply there than I could make a survey of the reservoir basiii, 
and then I would know tbe amouut of wat«r passing that point 
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Senator Jones. Have you any definite idea what caused the destruc- 
tion of the Hassayampa dam ? 

Mr. BoDFiSH. I have never seen the place, or any good maps of it, 
and I have no opinion as to the matter. 

Senator Eeaoan. In the construction of a dam is it a matter of any 
moment to know whether the drainage basin from which the water is to 
be collected is precipitous or level ! 

Mr. BoDFisH. Yes, sir. 

Senator Eeaoan. Do you get that information by the eye or by a 
topographic survey *? 

Mr BoDFiSH. By the eye, sir. 

The Chairman. Is there anything further? 

Senator Jones. I would like to ask a question or two. In locating . 

these reservoir sites as you indicate, after you get them located, you '■ 

then, in selecting a route for ditches to take the water to the land, run ' 

trial lines to ascertain the relative elevations of the country, do you ! 

not? 

Mr. BoBFiSH. I have to determine approximately the fall per mile : 

that lean give that ditch when making the final survey. •• 

Senator Jones. And would you not also have to find out where it 
ought to be located ? ' 

Mr. BoDFiSH. That would be part of the preliminary work, to dis- 
cover that point. 

Senator Jones. Would a topographic survey save any part of that 
expense f 

Mr. BoDPiSH. That would depend upon the accuracy of that survey. 

Senator Jones. Of course an inaccurate and worthless survey woiild 
not be of any value in any way or anywhere. I was asking with refer- 
ence to the topographic survey made by the Geological Survey in 
this matter. The object of this inquiry is this: It has been stated 
here by certain gentlemen that that portion of the money appropriated 
by Congress for furthering this survey of the arid lands that has been 
used for a topographic survey has been wasted and thrown away, and 
that only that part has been valuable that has been put into the hands 
of the hydrographers and those doing engineering work as such. Now, 
what the committee want to know is the opinion of the gentlemen en- 
gaged in this work as to the relative cost of obtaining this information 
by the two diflferent methods. Your way, as I understand you, is to 
secure the information by going onto the ground and making trial lines. 
Others think that a topographic map of the entire country facilitates 
matters. What we want to know is the relative importance of these 
different branches of the work, and my immediate purpose in asking 
the question I did was to find whether there would be a saving of cost 
to youi' work or the work you did if you had such a map as is being 
constructed in this matter, to indicate to you where you should locate 
your lines from the reservoirs to the lands to be irrigated, or whether 
it would be cheaper to ascertain that by making trial lines *, that is, by 
making a survey yourself. 

Mr. BoDFiSH. I should prefer to make the trial lines. 

Senator Jones. That does not quite answer my question. ^ 

Mr. BoDFiSH. Even with the maps in existence I should rather make 
the trial lines for my own personal 

Senator Jones. I was asking about the relative cost. The point I 
intended to ask you was whether the topographic survey would enable 
you to make a correct and proper location of the ditch lines without 
making all these trial line surveys f 
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Mr. BoDFisH. I uuderstaDd the queatiou, sir, and when I said it 
would depeud upon the quality of the mail I stated tb(; whole matter. 

Senator Jones. Wbat in the quality of tbe maps 

Mr. BoDFiSH. I do Dot know tbe quality of tlie maps made In tbe 
Arkansas district. I have not had a chance to test tliem. 

Senator Jones. Yon know the quality of tbe maps being made by tbe 
Geological Survey, do you notf 

Mr. BoDFiSH. I know what kind of maps they make elaewliere, bat. 
I do not know what they have made there. 

Senator Beagan. This does not apply to any particular locality. It 
is a general proposition. 

The Chaibman. You say you know tbe quality of the maps made by 
the Ecological Survey elsewhere than in yourdistrict. State what I'^it 
is. 

Mr. BODPisa. I know the quality of the maps made by the Survey 
in tbe East and I know the quality of some of the coarser maps of tin 
West, but I do not know what they are doing on this irrigation survey 
work in making topographic maps. 

Senator JoNBS. If you are not familiar with the maps, of course yoo 
can not answer. 

The Chairman. Have yon examined any topographic survey ma|w, 
Bust or West, that would be sufficieutly accurate to be of practical use 
in locating ditches f 

Mr. BoDPisH. I-do not thiuk I have, air. 

The Chairman. Have you examiuwl many I 

Mr. BoDFiSH. I mapped, with my assistants, a fourth of the State of 
Massachusetts. 

The Chairman. Made a topographic survey 1 

Mr, BoDFiSH. Yes, sir. 

The Chairman. Then you have been engaged in that work ? 

Mr. BoDFiSH. Yes, sir; for ten years. 

The Chairman. And were none of tbe maps constructed under yonr 
sapervision or by yon sufficiently accurate to select ditch lines by T 

Mr. BODFiSH. No, sir. 

Senator Jones. Of what value are those mapst 

Mr. BouFiSH, They are of general value. 

Senator Jones. Tell me something they can be nsed for. ■ 

Mr. BoDpiSH. You could locate a preliminary railroad line by one- 
Senator Jones. Then why could you not locate a preliminary ditch- 
line by it I 

Mr. BoDFiSH, Because a ditch-line is a rigid line. A railroad line is 
not a rigid line ; it is covered by a variety of grades, steep and light. 
A ditch line is comparatively a rigid line and can not be determined by 
anything bat the lightest grades. 

Senator Jones. Do you not run a preliminary line for a ditch lite 
yon do for a railroad and then make the permanent location of tbe 
dit«li t 

Mr. BODPISH. No, sir. 

Senator Jones. You make the permanent location at oncel 

Mr. BoDFisH. We make an approximate location by running a com- 
paratively rigid line first 

Senator Junes. So that no secondary work is necessary. 

Mr. BoDPiSH. Except for cross-sections and cost of constmctioii. 
For instance, if I am to run a preliminary line as I did in Kansas; 
starting from near the Kansas and Colorado line, I ran a preliminary 
line to see where ditches could be run to take water irom the Arkansas 
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River jnst west of the Colorado and Kansas line. A grade of about a 
foot and a half to the mile was determined apon before the line was run 
and a line leveled out and meandered out on that grad^e to see where it 
would go, how soon it would get on top of tjie bluffs, and where it would 
pass through those bluffs — whether through bad or good cuttings — aad 
the deviation on the grade from one foot and a half was very little. 

Senator Jones. If you had a similar survey to that you made in 
Massachusetts for that particular section of country you went over 
could you have determined with approximate certainty whether or not 
that ditch was feasible, without making your survey ^ 

Mr. BoDFiSH. I should not have assumed to use my Massachusetts 
work for that purpose without running a random line over the ground. 

Senator Jones. Then if there had been just such a survey of that 
country as you had made in Massachusetts, it would have been of no 
practical use or value in determining whether or not that ditch line 
i<^as feasible ? 

Mr. BoDPiSH. 1^0, sir ; it would not have been of much value. 

Senator Moody. In your surveys in the Arkansas Eiver district did 
you make use of any topography that had been executed in that dis- 
trict t 

Mr. BoDFiSH. No, sir. 

Senator Moody. Then whatever work the engineer corps has done 
with reference to irrigation has been done entirely independently of 
any topography ? 

Mr. BoDFiSH. It has in the Arkansas division. 

Senator Moody. Do you know of any other division where topogra- 
phy has been used? 

Mr. BoDFiSH. I do not know anything about what has been done in 
the other divisions, sir. 

Senator Moody. Of course I understand that you want to answer 
accurately ; your mind runs in that direction ; but do you know, in a 
general way, of any use that has been made of the topography that has 
been going on under the geological appropriation or under the irriga- 
tion appropriation ^ 

Mr. BoDFXSH. I do not know of any use that has been made of it. 

STATEHEHT OF GEORGE E. CUBTIS, METEOBOLOGIST AND HT- 

DBOGBAPHEB U. S. IBRIGATION SURVET. 

The Chairman. Mr. Curtis, what is your occupation 1 

Mr. Curtis. Meteorologist and hydrographer. 

The Chairman. Where have you been engaged in that occupation 1 

Mr. Curtis. In the Geological Survey. 

The Chairman. How long ? 

Mr. Curtis. In the oflQce since last June; in the field since the pre- 
ceding December. 

Thet3HAiRMAN. What section of the country were you in 1 

Mr. Curtis. Colorado and Kew Mexico. j 

The Chairman. What are the duties of a hydrographer I j 

Mr. Curtis. The duties of a hydrographer are mainly to measure the 
discharge of steams. I 

The Chairman. What particular duties did you perform t Were 
you measuring the streams f 

Mr. Curtis. While I was in the field my duties were in connection 
Tvith a camp of instruction for hydrographers, and after having finished 
those duties I returned to the office. 
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The Chaihmatt, What is a camp of instruction T 

Mr. OuBTis. It is tor the instruction of youtij; Ljdrofn-aphers wbo 
are about to take the field in different parts of the Weat. My duties 
were to give instruction in pieteorological and hydrographic obserra- 

tiOQS. 

The Chairman. Explain, in brief, how you ascertain the flow or dis- 
charge of watj^r in a stream at a particular point. 

Mr. Curtis. A croas-aection is selected, at which the river has a uni- 
. form slope, and which is a region both of minimum deposition and of 
minimum corrasion. SouDdiogs are made, and the cross-section is di- 
vided into partial sections whose area is computed. The average veloc- 
ity of the current is then measured with the current meter in each 
partial section. From its known area, and from the average velocity 
of the current, the discharge through each partial section is computed, 
and the sum of the partial discharges is the total discliarge of the streitm. 

The Chaibuan. Can you tell from what the velocity is when the 
water is low what it will be when the water is high 1 

Mr. Curtis. No accurate deternnnation can be made except by act 
ual measurement. 

The Chairman. The velocity of the water is influenced by the water 
coming into contact with the land, either od the sides or on the bottom 
of the stream t 

Mr. Curtis. The friction and the slope. 

The Chairman. When the river is high themiddle of the stream has 
less friction than the sides and bottom. How can you estimate for ttiat f 

Mr. Curtis. The velocity is determined in dilierent sections of the 
stream at every gauging, and gaugiugs are made at as many di£Fereiit 
stages of the stream as possible. 

Senator Jones. How do you determine that? By actual measare- 
meotf 

Mr. Curtis. By actual measurement with the current meter. 

The Chairman. Then you must examine the stream at flood timeat 

Mr. Curtis. Yes, sir; at all heights. 

The Chairman. That would take a great many years? 

Mr. Curtis No, sir : in a usual year the 

The Chairman. There have been several great floods on the Pacific 
Coast. There was one in 1849, another in 1801, and one this year— » 
great flood, overshadowing the others. How do you ascertain the iacO 
tor such years S 

Mr. Curtis. Those are unusual cases. 

The Chairman. But they must be obtained. 

Mr. CuRi'is. If not measured, the discharge at sucih times can only 
be estimated, but frequently estimated with considerable precision. 

Senator Jones. Bo you find that the same iimouut of water is dis- 
charged at thesameflood height at all times? For instance, if you ha^'e 
a gauge in a river, would the discharge at the 20-foot mark be the same 
at all stages ? 

Mr. CuBTis. Not necessarily; in fact, in some large rivers, as for 
example the Mississippi, it has be«u found that the discharge is dif- 
ferent in rising from what it is in falling water. 

Senator Jones. Is there a difference at different periods of arise 
as to the amount of discharge at a given point ? 

Mr. Curtis. If I nudersUmd you, those are fine questions that are of 
little economic value ; they are principally of scieutitic interest or im- 
portant in connection with river hydraulics. 

The Chairman. What use do you make of the topographic maps in 
hydrography 1 
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Mr. Curtis. None, in the actaal conduct .of the work. \ 

The Chairman. You rely upon your measurements of the streams I ; 

Mr. Curtis. Entirely. 

The Chairman. Are you a practical engineer I 1 

Mr. Curtis. JS^o, sir. 

The Chairman. Yon are simply a hydrographer t 

Mr. Curtis. Yes, sir ; and meteorologist. 
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The Chairman. I believe you have already given your opinion that * 

it is not necessary that a topographic survey should precede the engi- \ 

uoering survey for irrigation. ! 

Mr. Nettleton. I have. \ 

The Chairman. How much use could you make of an ordinary topo- i 

graphic survey in the engineering work ? 

Mr. Nettleton. To an engineer entirely unacquainted with the coun- 
try a good map would be somewhat of a guide to study in his oflBce be- 
fore entering the field, but after that I do not think it would be of 
much or any value to him ; that is any topographic map that I have seen 
made in this country. 

The Chairman, Have you examined the topographic maps that have 
been made by the Ce ological {Survey ? 

Mr. Nettleton. Yes, sir. 

The Chairman. Pretty extensively ? 

Mr. Nettleton. Yes, sir. I have lately looked over pretty nearly 
all of the maps, including all the western ones that are published. 

The Chairman. When they make a topographic survey of a section 
and then of another adjoining section, how do they join their work to- 
gether ? 

Mr. Nettleton. I am not familiar with the way only from what I 
have been told and from some work I have seen in the ofiBce. Th<* work 
of making these surveys is done by a great many different small parties 
who are sent out into the field. Their work is sent into the office in 
sheets, covering small areas, and the sheets are adjusted one to another ; 
and it has-been found in practice, I think, that different topographers 
will not complete the contours on their sheets so they will join. Many 
times there are considerable errors, and those have to be adjusted 
in the office. 

The Chairman. They average them ? 

Mr. Nettleton. Yes, sir. 

The Chairman. Bring the lines together? 

Mr. Nettleton. They are made to represent a picture with a rea- 
sonable degree of accuracy. 

The Chairman. That is done for the purpose of learning the general 
geography and topography of the country % 

Mr. Nettleton. Yes, sir. 

The Chairman. Made up in that way, as I understand you, they 
would uot be of any practical use in the accurate survey needed for 
irrigation ? 

Mr. Nettleton. I consider the work of locating and surveying res- 
ervoirs and establishing lines of canals as being work that requires 
greater refinement than it is possible to secure with a topographic sur- 
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vey like we are doing or can afford to do. For instance, in the mount- 
aiQs the contour lines are supposed to be 60 feet, vertically, apart. In 
computing a gradient of less than 50 feet in a mountain country, in 
order to establish reservoirs or ditch lines, it is necessary to make ob- 
servations and computations of which no note can possibly be taken 
irom a topographic map. Contour lines 50 feet apart might omit to 
show a proper reservoir site, because the reservoir site might be only 
40 feet high. 

Senator Eeagan. You mean 40 feet of altitude t 

Mr. Kettlbton. Yes, sir ; vertical height. 

The Ohairhan. That is the scale, I believe, on which they are mak- 
ing their topographic maps in the mountains f 

Mr. Kbttleton. Yes, sir ; 50 feet. 

Seuator Eeaqan. Do you know what scale is employed generally 
by the topographic survey on the lower lands f 

Mr. Kettleton. I think 20 feet is the smallest scale they are work- 
ing on, but I am not certain about that. I think the scale is 20 feet 
on the plains and 50 and 100 feet in the mountains. I am not positive 
as to the exact scales. 

Senator Beaqan. If the maps were made on a scale of 10 or 12 feet, 
would that make a difference, in your opinion If 

Mr. Nettleton. I do not think that even would be sufficient. 

Mr. Beagan. I am not talking about the details. 

Mr. Kettleton. It would be of greater assistance. Ten or 12 feet 
contours in the mountains would show the possible existence of a great 
many more reservoir sites than 50-feet lines would. 

The Chairman. But after knowing the jwssible existence of sites, 
what Would be necessary to know actually what could be done in each 
particular casef 

Mr. Nettleton. To make what we call the engineering survey, or 
a topographic survey sufficient in detail to determine the area and hold- 
ing capacity of that reservoir. 

The Chairman. Do you invariably visit and inspect the ground be- 
fore you make any survey ? 

Mr. Nettleton. Yes, sir. In regard to reservoir sites in the mount- 
ains, a practiced engineer can generally determine with his eye, with- 
out the aid of instruments, what is a possible reservoir site and what is 
not; but generally the engineer looking for reservoir sites or making 
preliminary examination has a hand-level. He can get onto^a suitable 
point and tell very nearly with his hand-level where the water line will 
be ; and standing on one side of a dam site he can trace pretty near the 
water line. If that shows an area sufficient, and the dam can be made 
without too great expense, then he orders a survey. That survey is 
made accurately enough to determine quantities in the dam, the cost 
of making the dam, and also the holding capacity of the reservoir. 

The Chairman. Where you construct reservoirs sufficiently strong 
to withstand floods, what elements or facts must be taken into consid- 
eration f 

Mr. Nettleton. There are two ways of providing against floods. 
One is by an overfall dam, which must, of course, be made very secure 
on its back side and on its foundation. Another is, where the floods 
are not very torrential and where the discharge of the stream can be 
provided for by making a waste- way lower than the crest of the dam, 
leading off to one side or one end of the dam. 

The Chairman. Where you use a waste- way the question wiU be in 
getting it large enough for all possible contingencies t 
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Mr. Nettleton. Yes, sir. The experience of the last year or so 
leads me to believe that that matter has not had safficient stndy ; that 
we have not paid sufficient attention to the occurrence of heavy storms 
and sudden floods^ but the destruction of the two dams that have re- 
cently occurred ought not to be used as an argument against construct- 
lag reservoirs. 

The Chairman. Why not ? That is a question that concerns the 
public very seriously. 

Mr. Kbttleton. In the case of the Johnstown disaster, the waste- 
way was evidently large enough 'to carry oflf the flood that caused the 
destruction of that dam; but that was an unprecedented storm — seven 
inches of rain fell within a few hours on that drainage area. The res- 
ervoir was used for Ashing purposes, and in the waste-way a grating 
of iron rods an inch in diameter, set very close together, had been put 
in to keep the fish from running down the stream. This tremendous 
storm brought down leaves and brush, and one large log, which lodged 
against this grating. The man in charge, or the only man who was 
there having any authority, was a young engineer, who, instead of 
blowing out the waste- way with dynamite or some other explosive, com- 
menced to raise the embankment of the dam, which had settled and 
was low in the middle. He commenced putting loose earth on the top, 
and the water raised faster than he could raise the dam ; at the same 
time the outlet was partially choked up with this rubbish. It is my 
opinion that if that grating had been taken out and the waste-way kept 
clear there would have been no disaster. 

The Chairman. Then, in ordinary dams you would not have those 
fish-traps 1 

Mr. Nettleton. Ko, sir. I would do just the opposite. There are 
places in the old country where they put the waste- way very consider- 
ably below the crest of the dam. Then if they want to utilize nearly 
the whole capacity of the dam, they put up posts and some kind of tem- 
porary wicker work of straw, that will hold the water until it gets to a 
certain height. When it gets to that height it will break away — go out 
before the water rises to the top of the dam, and that leaves a very large 
opening for the protection of the dam 

The Chairman. Have you any knowledge of this other disaster 
which occurred in Arizona ? 

Mr. Nettlbton. Nothing except what reports I have seen in the 
newspaperis. But that was evidently caused by an insufficient waste- 
way, causing the water running over the top of a loose-rock dam. 

The Chairman. It was constructed for an overflow dam if 

Mr. BiETTLBTON. No, sir ; it was not so designed 

The Chairman. And the waste- way was not sufficient to let the water 
goby? 

Mr. Nettlbton. No, sir. 

The Chairman. Do you not think that is one of the things you have 
got to examine with great care f 

Mr. Kettleton. Yes, sir. I think one of the most important things 
in locating dams in running streams is in the first place to get the his- 
tory of the stream, and if you can not get information in relation to the 
greatest floods that have occurred, observe the highest water-marks 
that can be found. 

The Chairman. Mere gauging will not give you that information f 

Mr. NETTiiETON. No, sir, except in an exceptionally high stage of 
the water. I would provide for the greatest discharge ever known on 
the stream, and that to make it safe, I would double that capacity, in 
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case there was a great deal of property or many livea (lependingon tlie 
breaking of the dam. Sach things do not cost very muclj. 

The Ohaibuan. You can Id no stream make the waste-way sufficiently 
large to take a flood through. 

Mr. Nettlei'on. A waat«-way is not always the best way to get rid 
of floods. Sometimes the best way is to take the water over the creHt 
in whole or iu part. 

The Chaibman. The overflow dams are very expensive, are they not i 

Mr. Nbttleton. If you have solid rock for the foundation of your 
dam, aud rock for the overflow water to strike on, a masonry dam is not 
very expensive. 

The Chairuan. Are there not some streams in the West where any 
dams, even masonry dams, would be unsafe; for instance, those streams 
where they have landslides in consequence of cloudbursts, which bring 
down immense bowlders 1 

Mr. Nettleton. There are places in the mountains where I think it 
is UDYise to try to dam these torrential streams. In the first place, the 
dams are of no ase after yon get them, filling ap with sand and debris 
and making an over-fall dam without any holding capacity. 

The Chaiesian. Do those mountain streams carry evidences on the 
ground that such floods have occurred, as a usual thing? 

Mr. Nettleton. Yes, sir. An engineer can generally find high- 
water marks. 

The Chaibman. And large bowlders which have come down the 
stream 1 

Mr. Settlbtoh. Yes, sir. Especially where there is timber growing, 
you will frequently find the trees scarred and flood-wood lodged in the 
crotches of the trees, high above where one would suppose water ever 
could have reached, liut yet it is there. 

Senator Moody. You are acquainted with these topographic maps 
that have been made by the Geological Survey! 

Mr. Nettleton. Yes, sir ; I have seen them. 

Senator Moody. What use can be made of those in the Land Office 
in fixing the boundaries and the area of the reserved lands provided 
fori 

Mr. Nettleton. These topographic maps show only the topograpliy 
of the country, without any reference to or connection with the Land 
Office surveys ; and they give no iuformation as to the character of the 
soil, whether or not it is a timber or rock covered country or irrigable 
and agricultural lands. They just simply show its elopes, and what the 
character of its slopes are. While a topographic map might show a 
fairly good looking conntry, still the land might not be worth segregat 
ing. 

Senator Moody. What use has been made of any of those maps in 
the selection of irrigable lands in the Land Department ? 

Mr, Nettleton. I do not know that any use has been made of them. 

Senator Moody. What sort of maps do they have to have, and wliat 
sort of work do they have to do, in order to segregate the lauds under 
this last appropriation of 1888 f 

Mr. Nettleton. The only use of any map that I know of is one 
on which to make note of the lands segregated, the sections, etc. 

Senator MooDT. Do those segregations have to be n\ade entirely in- 
dependently of any topography 1 

Mr. Nettlbtoh. Yes, sir ; the segregations have to be described by 
township, range, section, and fraction of section, and have no connec- 
tion whatever with topographic maps. 
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The Chairman. In order to make the spgregatioo, it is necessary to 
make an actual survey on the gronnd, is it nott 

Mr. Nbttlbton. Yes, sir. 

Senator Beagan. Segregation for what purjwset 

The Chaibsian. To ascertain what are and what are not iiTigal)lo 
lands. In order to accomplisli that yon would have to run a line on the 
groand any way f 

Mr. Nbttleton. To connect that land with the present surveys t 

The Ohaibmah. With the Land Office surveys. 

Mr. Nbttleton. Tea, sir. 

The Ghaibman. If the topography were ever so accarate, it would 
not indicate the character of the soil, wonld it 1 

Mr. Nettleton. No, air. 

The Uhaibuan. And a tine would have to be ran to determine thatt 

Mr. Nettleton. Yes, sir. 

Senator Moody. Wonld a topographic map indicate the character of 
the ground Where the ditch has to be runt 

Mr. Nettleton. Only as to the slopes, but not as to whether it is 
sandy or alluvial soil. 

Senator Moody. It would not indicate whether the soil was rocky T 

Mr. Nettleton. It shows nothing except the slopes and the natural 

Senator Moody. In running the line of a ditch to carry water Irom a 
reservoir, would yon <» would yoa not take into consideration the char- 
acter of the soil as to rocks and so on through which that ditch would 
mnf 

Mr. Nettleton. Certainly we wonld have to consider that. 

Senator Moody, Would yon not avoid, if possible to do so, in your 
engineering determination a region of country where the soil is com- 
posed of rocks, broken up or loose ! 

Mr. Nettleton. I would avoid any country that would prevent the 
building of a practical ditch. 

Senator Moody. What use could be made of one o'f those topograi>l»ic 
maps in locating the line of a ditch 1 

Mr. Nettleton. In the actual location of the lines of ditches it 
would be of no use whatever. 

Senator Moody. In locating a reservoir, would you not take into 
consideration the character of the foundation ot the banks t 

Mr. Nettleton. Tes, sir; certainly. 

Senator MooDT. What use cau be made of a topographic map for 
that purpose f 

Mr. Nettleton. It famishes no information whatever in regard to 
the practicability of a dam site, or the character of its sides or bottom, 
which is one of the moat important things to be considered in the coii- 
Btructionof adam. It simply showswhat the slopes of the country are. 

Senator Moody. Cau you not ascertain by the eye, with a suSlcient 
degree of accnracy for engineering purposes, the location of reservoir 
sites preliminary to the actual and accurate survey 1 

Mr. Nettleton. An engineer with good judgment can very closely 
estimate what is a reservoir site and what is not. He may not be uble 
to determine whether it is entii'ely practicable. Perhaps the dam may 
cost too much for the amount of water it will hold. Uecan not deter- 
mine those questions finally unless be makes a survey. 

Senator Moody. I mean, wonld you gather those facts by observa- 
tion, preliminary to the actual and accurate detail survey 1 

Mr. Nettleton. Most certaiuly. 
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Senator Moody. Of what service would a good topographic map be 
iu making those examinations ! 

Mr. Nettleton. As I stated in the beginning, it might be of some 
assistance to an engineer who was a stranger in the country, by enabling 
him to get a general idea of the country ; but in actually locating res- 
ervoirs, I do not think the topographic maps I have seen would be of 
any assistance. 

Senator Moody. Keither in locating reservoirs or in the line of 
ditches^ nor in the segregation of the irrigable lands. 

Senator Jones. Nor in the ascertainment of the sites for reservoirs. 

Mr. Nettleton. There are some reservoir sites that might be shown 
by such a map ; for instance, take the one at El Paso. If there had 
been a topographic survey of that, with 20-foot contour lines, it would 
have shown without question that there was a reservoir site there ] 
but there are thousands of other localities where 50-foot contour lines 
would not show nearly all the reservoir sites. 

Senator Moody. Will you please state any instance where the irriga- 
tion engineering service has reaped a benefit from the use of the topo- 
graphic survey that has been going on ? 

Mr. Nbttleton. Well, I have had something to do with the starting 
out of two or three of the engineers on this survey. In the first place 
I sent to Washington (I was then at Denver) for all the maps of the 
country that was in my division. I had the Hayden Atlas, which sur- 
vey covered Colorado, and I got some topographic maps of Arizona and 
New Mexico, and a few of Montana up about the Yellowstone. Now, 
I do not claim that I can read topography on a map as readily as some, 
but I looked those all over, and with one or two possible exceptions I 
could Qot find on any of them what I could safely say was a reservoir 
site, so that I could direct or recommend an engineer to examine it. 

Senator Moody. In the process of exploring and developing the pos- 
sibilities of irrigation through the means of artesian wells, of what use 
will be the topographic work which is being carried on by the Geo- 
logical Survey ? 

Mr. Nettleton. I think that perhaps in connection with artesian 
wells it would be more useful than in the engineering work of selecting 
reservoir sites and dam sites, because those maps show approximately 
the elevation above the sea, and in studying an artesian country it is 
quite desirable to know the altitude of the surface of the country above 
the sea-level within a reasonable degree of accuracy. 

Senator Moody. In making those explorations and investigations 
what would the engineer have to do ? 

Mr. Nettleton. Without a topographic survey he would naturally 
get the profiles of the railroads crossing the country, all of which have 
the elevations above the sea-level. From the railroad profiles it is pos- 
sible to get the elevations at every mile, but you can always get them 
without a great deal of trouble at every town along the line of a rail- 
road. These furnish a good basis to work on. I did a good deal of 
that work in 1868. Commencing in southern New York I carried it 
down through the oil region in Pennsylvania, and I worked up my sur- 
veys from the railroad elevations of the different stations. 

Senator Moody. Is that not entirely sufficient for making examina- 
tion in regard to irrigation by mean^ of water obtained from the arte- 
sian basins ? 

Mr* Nettleton. If you had a series of contours carried all over the 
country, with benches established, that would be of great advantage 
over the railroad elevations. 
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Senator Moody. Is it essential in regard to practical demonstra* 
tion t 

Mr. Nettleton. No, sir. 

Senator Moody. Can it aot be done very mach more cheaply with* 
put it ? 

Mr. Nbttleton. Yes, sir. 

Senator Moody. It would be a very expensive process to undertake 
to carry contour lines all over that semi-arid region 50 or 100 feet apart, 
would it not t 

Mr. Nettleton. I do not know what the cost would be per sqilare 
mile for such work. Do you, Mr. Bodfish ? 
Mr. BODFISH. Prom $1 to $5 per square mile. 
Senator Jones. It would cost that for a topographic survey t 
Mr. BoDFiSH. Yes, sir. 

Senator Moody. Do you regard it as essential in making the exam- 
ination for artesian basins throughout North Dakota, South Dakota, r^ ^ 
Nebraska, E^ansas, and Texas, to have a topographic survey ? ^ ! 
Mr. Nbttubton. No, sir; I have been considering that subject, and ^'j 
have looked up the railroad lines crossing that country, and I find a 1 
^rreat number of railroads, especially near the Missouri Eiver, through 
the eastern part. There are several lines running east and west which 
give an excellent opportunity of getting the profiles of that region; 

Senator Moody. So that you can make a pretty good guess as to the i 

depths at different points of this artesian basin f ] 

Mr. Nettlbton. Yes, sir. 

Senator Moody. Now, has it not been your experience, after all, 
that it requires the actual sinking of wells at different points to ascer- 
tain accurately the facts as to the depth of that basin ? 

Mr. Nettlbton. Yes, sir ; whatever data you find by a bore you 

know to be true ; whatever you theorize on. you do not feel so sure about. 

Senator Moody. Is it not a fact that the roof of this artesian busin 

is very irregular, so that in some places you would have to sink very 

moch deeper than in others, although at the same altitude f 

Mr. Nettleton. In my study of the oil country I found a very 
uniform character of rocks 1,000 or 2,000 feet below the surface, but 
nearer the surface they were more broken. 

Senator Eeag^AN. If you were going to use the water of a particular 
stream to irrigate a particular plain, supposing there was no topo- 
graphic survey or anything else to aid you, what steps would you take 
in order to apply the water to the land? 

Mr. Nettleton. The first thing to be done is to determine what 
land you want to irrigate; the next thing to be done is to determine 
whether you have water that can be carried onto that land. 
Senator Beaoan. Determine the irrigation basin f 
Mr. Nettleton. Yes, sir. Then, if there is more land than water, 
and money saving is an object, we seek the cheapest line, because the 
amount of irrigation that can be done is limited on account of the 
amount of water; so we pick out the most economical canal. But 
if it is the other way, if there is more water than laud, and it is desira- 
ble to cover every acre of land, then we try for the highest line possible 
to get onto that land, without so much regard to expense. 

Senator Beagan. What steps do you take to ascertain the extent 

and character of your catchment basin from which you get your water? 

Mr. Nettleton. We generally take the maps of the country. That 

is one guide. Another is a knowledge of the character of the stream^ 

obtain^ by observations or by inquiring of people who have known t' 
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8tTeatn for years, and wbo know aboat what itu discL^rgi.^ is. Foriiri- 
gation purposes it ia not 80 macb the size of tLe ilraiuage area as its 
character that we rely on. 

Senator Beaoait. Do yoa re(;ard it as eB&cntinl to the success of suck 
an nodertaking that yon should know the extent of the drainage areal 

Mr. Kettleton. Yea, sir- 
Senator Eeaqan. How would yon get that t 

Mr. KETrLETON. I think in nearly the whole coantry in the arid 
regioii ^e have maps of some kind that gi-ve. very closely the draioage 
syBtem of the region. They are compiled, an far as they have been made, 
by the Wheeler, the King, the Powell, an*! the Government land sur- 
veys. These maps show qnite closely the areas of the drainage hasina 
of the streams. 

Senator Bbagaji. N'ow,if therewasa topographic survey made in the 
way that it is being made by the Geological Survey, could you not take 
those maps and locate the draiiLage areas and tlie lands that are to be 
covered by water 1 

Mr. Nettleton. It wonld be relocating it. It would be 8im])ly cou- 
firming what bas already been mapped ; but I do not think that as to 
the areas it would change very mncb the areas of the drainage basioa 
of the maps already made. It would give more information, perhaps, in 
regard to the slopes of the various parts of the coantry within those 
drainage basins ; but the exterior lines of the drainage areas would not 
be changed very much, I think, by a topographic survey such as is now 
being made. 

Senator Beagan. Wonld yon regard it as important, in determining 
a drainage basin, whether it was a level or precipitous country, with 
reference to the construction of your dam T 

Mr. Nettlbtom. It wonld if a man went into thiitkiud of work wiib- 
ont looking before and around him, and if he had no idea of his own a» 
to the country he was in ; but when an engineer is sent into a country 
he can generally see pretty well its general character. 

Senator Beagan. You tbinkagoodengiueercould judge of the coun- 
try without the assistance of the map f 

Mr. Nextleton. He ought to. 

Adjoomed. 
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STATEHEHTS OF CHEMISTS REFEBRED TO B7 ASSISTANT SECKE- 
TART WILLITS. 

United States Department op Agricultube, 
Division op Chemistrv, 

Waskington, B. C, February 3, 1890. 
Hon. Edwin Willits, ' 

Aigisiaat iSeoretary ; 

SiH: In addition to theinformationcontniiied in the letter of Mftj 7, which I hereli y 
retnm, I would desire to call the attentioDof the committee tn the iitct that thechiiv- 
actor of the water used for irrigating pnr]>09eshiisinui:h to do with the ultimate indn- 
ence of irrigation upon the soil. It the water used for irrigating purposes contain 
moch mineral matter, there would lie a tendency for this matter to accumnlato hi tho 
■oil in auch quantities as to hacome injurious to the growing crops. In m.iiy places 
where irrigation has been attempted with water charged with alkali it Las had to be 
abandoned onacconntoftheeffectoftbealkali mentioned above. Any attempt, there- 
fore, to store water for irrigation purposes or to irrigate on a large scale Buonld be 
preceded by a preliminary study of the nature of the water anpply to be used. 

The records of the Geologicai Survey abound in material of this description, that 
institution having made a systematic examination of the waters in the region qui- 
bmucd in the description contained in the committee's letter. 

1l the water, which is to be stored for irrigation purposes, come in the rain-fall il 
would usually be pure enough for irrigation purposes, provided it did not fall upon 
land already saturated with alkali. It ia easy to see, however, that a body of wiitir 
cutlected from the rain-fall descending ou lauds thoroughly charged with alkiili 
wight Le wholly unfit for irrigation purposes. On the other hand, waters which itni 
derived from large rivers and other streams arc usually pure enougb for irrigalioii 
purposes and conid be used a long time ou laud without appreciably increasing tlip 



H. W. WiLsr, 



United States Department op Agriculture, 

Division op CHKMisTRr, 

if aahiKgtim, D. C, Mag 7, 1869, 
Hod. Edwin Wilutb, 

AitUtant Secretary: 

i~iR: Your communication of the 4tU instant, addressed to Dr. Wiley, chief cheu list 
of this division, has bepn referred to me for a reply. Dr. Wiley's trip to the West in 
the Interest of the sorghum experiments preventing him from taking up the subject 
to which yon refer. 

I have examined the letter of Senator Stewart, which I return herewith, and havo 
the bonor to make the following report thereon ; 

That portion of the inquiry included under the character and constituents of soil^ 
KCemn to be the only poiut which falls within the province of this division. In ordoi 
tn enable you lr> farnish the couimittee with information which would be useful tn 
tbeui ou this ]ioint, 1 have oxamiued all the literature which is here available for in- 
'" lation in regard to the constituents and character of soils west of the buudredtli 



meridian of west longitude. I dud several extensive investigations upon soite 

this area and considerable information upon their character, and will uase refetencc 
iisfollows to the sources where it can be found : 

(1) The soils of the different districts in California have been made the subject of 
II very complete and important investigation by Prof. E. W. Hilgard, State chemist 
of California and professor of agriculture in the University of California. This in- 
Vdstigation was undertaken for the Superintendent of the Tenth United States CensuK, 
atiil is embodied in volumes 5 and fi of the Tenth Census under the head of " Cotton 
produotton." The investigation wba intended especially to make comparison of th<'. 
fioila of Caliroruia with those of the Southern cotton-growing Slates, with a view of 
ipvestlgating the adaptability of the California soils to cotton production. It coiii- 
pri»«a a large number of analyses of California soils takenfrom varionalocalitieB, and 
a very complete and able discussion not outy of the character and composition of 
^heee soils, liut also of their geological sources and formation. The composition of 
•oilsofthe vaiionsootton-prodacing States ia included in the Investigation; also a 
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large number of analyses of soils in the Indian Territory. Fnrther elaboration -and, 
discussion of the subject of Califoroia soilb by Professor Hilsard will be found In {he 
different reports made by him to the president of the University of California, 
notably in the reports for 1882 and 1884. Appendix No. 7 to the report ^r the year 
1886 contains a viJnable treatise by Professor Hilgard upon '^Alkali lands, irriga- 
tion and drainage in their mutual relations.^' 

I can commend the general' plan and character of this investigation to the Senate 
committee as a model of the manner in which such an inquiry may be profitably car- 
ried on. 

(2) The annual reports of the United States Department of Agriculture contain 
considerable information upon the subject of the composition ot soils, and I have 
searched them through to obtain all the data upon soils in the region which forms 
the subject of the investigation by the Senate committee. The annual report for 
1870 contains, on pa/jre 100, the analyses of three samples of soil from western Nevada. 
A special report of the Department of Agriculture, issued in 1882, entitled *' Inv6S> 
tigatiou of Sorghum as a Suffar-Prodncing Plant,'' contains on pages 58 and 64 analy- 
ses of a number of samples of soil from the Arkansas Valley in Kansas, namely, Great 
Bend and Hutchinsou, Kans., and from Rising City, Nebr. In the year 1886 Bulletin 
No. 10 of the chemical division of this Department was issued, having for its subject 
** Principles and Methods of Soil Analysis,'' by Mr. Edgal" Richards, assistant chemist. 
This publication contains the analyses of a number of soils, including prairie soils 
from Dakota, and also soils from Washington Territory. 

Besides the above I would state that the chemical division is at present engaged 
upon the analysis of a large number of soils collected from different parts of the 
country, among which are included four samples of soil from Arizona, one from Cali- 
fornia, and three from the Territory of Wyoming. These analyses will be completed 
some time during the course of the present year, and the result-s can be communicated 
to the committee if they so desire. 

(3) In addition to the above information on the subject of the character and com- 
position of the soils within this region, it might not be improper to suggest to you 
that the attention of the committee be called to the sorehum plant as one peculiarly 
adapted to certain portions of the region which forms the subject of the committee^ 
investigation. It might be well to forward to the committee, as part of the informa- 
tion to De furnished £om this Department, the special bulletins containing the re- 
sults of theex[)erimentsof the Department upon sorghum as a sugar-producing plant. 
Some of the best results in the growth of sorghum were attained last year in the 
southwestern portion of Kansas at the station of this Department at Conway Springs. 
Both these and previous experiments by the Department would seem to show that 
the sorghum plant is peculiarly adapted to the arid or subarid regions of the West. 
It resists drought much better than «om or the other cereal crops, and seems, more- 
over, to attain a higher percentage of sugar in these dry regions. 

1 would also respectfully call your attention to the report, upon which, however, 
I can give you no exact information, that the tropical sugar-cane is said to have been 
raised with considerable success during the past season upon irrigated lands in 
Arizona. 

Respectfnlly, 

C. A. Cramfton, 

Acting Chemists 
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bstimatei for bxfbndituhbs of survbt. 

DttPABTMBST OF TOE iNTRniOR, 

United Statbs Gbological Survey, 

WiuHngtoti, D. C, Fabruwy 7, 1890, 

DsiR But: Agreeably to a promiBe made yon I herewith sabmit for yoor oonsider- 
atiou an estimate of the cost of the tiuld work of the Irrigatiou Survey for the AhcuI 
year ending Jnne 30, IBUl, which iQclDdeu the cast of doiug the work and colleotiu^' 
the information tbat in my jadguieut is required by tlie law makiog appropriatiuutj 
for this specific work. 

The estimate doesnot include the aalories of administTativeofficera above the Cliiof 
Engineer, nor the expeueee connected with the publication of the neceeaary uiaps and 
leportB, or the expenses for office reot io Washington and incidentals cuDueutud 
therewith. 

After a careful constderatron of the qnestion regarding the time required to caiii- 
plnl* the surveys, and the ultimate coat thereof, X am of the opiuion that Ave years 
will be ample time in which to cover the whole country with the naoeasary tielit 
work. Another year will be required to dntsh the office work and make the fiuiit 
field reports. In placing the time at five years I have endeavored to consider the im- 
mediate necessity for pushing the work with due regard for securing good results 
aod with miuimum expenditure of money. 

1 have designatod the allotments for each State and Territory, but thia may nob be 
considered as at all arbitrary. This can also be said ia reference to the total amonnt. 

The semi-arid portion of our country needs somethiug more than is coutemplati^d 
in the present law. This section requires artificial water many times to tide ovpr 
a few weeks irf scanty rain-fall. There are no " waters iu sight," and grave engineer- 
ing difficulties present themselves when undertaking to supply it with the comniuii 
methods for irri);atioo. There ari« several theories as to how the waters not "in 
sight" can be utilized. It Is probably wise for the Governoieiit to undertake the ho- 
lution of some of the most reasonable of these theories. 

If the anbjeot of climatological observations are to be taken np by the survey, ns 
was snggested to the Senate committeeat it« last meeting,! would add at least tIO,0(Hi 
for this pnrpose. 

If deemed wise, the appropriation could he made in bulk and then, if other consid- 
erations ware to be taken inio account, the expenditures could be locally changed. 

I should suppose S7!>,000 would cover fully all unprovided salaries, office rent, tl]ii 
printing of maps, reports, etc., making in all $470,UOl). The appropriation for lliu 
first year wiU be larger than that fur subsequent years on account of the piirohasL'3 
of instmmentfl, field outlits, eto. 

E. B. Nkttleton, 
SuperDising Engineer C. S. Irrigaliitn Sutv^, 

Hon. W. M, Stewart, 

CkairmaH Senate Special Committee 

on Irrigation and Eeelaniation of Arid Land*. 



ce tPilh the act of Otiobtr, I 
), 1891. 













15,000 


















Colorado ...,.....,,,. 


,„ 50,000 



Wyoming. t25.0(» 

Montana 25. «n) 

Dakota (North)...., 10, (KM 

Dnkota (South) lO.OtKI 

Nebraska 10.000 

KansuH 10,000 

Texas 5,000 

3^,000 
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GENERAL INSTKUCTIONS FOR H7DROGRAPHERS. 

[The followlDg InatractionB were issued by tiie chief engineer of the United States Irrigation Survey.] 

The duties which devolye upon the. hydrographers will be at once of a highly 
scientific aud practical character, and wiU consist in ascertaining by systematic ob- 
servatioDs and measurements the values of numerous factors or qualities which must 
be known in order to fully carry out the purposes of the law, which requires an in- 
vestigation of the extent to which the arid lands can be redeemed by irrigation. They 
may be mentioned in the foUowiug order: 

(1) Measurements of water supply. 

(2^ Measurements of the loss of water by evaporation. 

(8) The investigation of the climatology of the arid region with reference to 
agriculture by irrigation. 



(4^ Measurements of sediments transported by streams. 

f 5; The duty of water. 

(6) Collection of general information. 



(1) The measurement of water supply will consist primarily in the gauging of 
streams. For this purpose the methods developed at Embudo will be followed for 
the present, but with time aud experience it is hoped that improvement will come. 
For this purpose stations will be established on streams to be ganged at points 
selected, and a systematic record will be kept of the rise and fall of the streams by 
means of inclined graduated rods, and the stations will be visited by the hydrog- 
raphers so as to gauge repeatedly at different stations of the water until a sufficient 
number of stages have been gauged to admit of a formula for the stream and the s^a 
tion. The stream beds will be plotted and the slopes ascertained by leveling. Full 
records will be kept by the hydrographers of all their gauging work and the results 
reported monthly to this otlice. 

(2) This evaporation will also be measured by the general methods employed at Em- 
budo. The quantity to be ascertained is the evaporation from water surfaces. 
Wherever practicable it is desirable to combine station work by placing evaporiza- 
ters at the same stations as river gauges ; but this must be lnfi.uenced by considera- 
tions of economy and the intelligence of the observers. 

(3) The study of the climatology of the West will be mainly the work of the cen- 
tral office, as the data upon which it depends are of regional extent, and most 
of them are collated by the Signal Service, whose records are accessible only 
in Washington ; but hydrographers are expected to furnish some accessory data, and 
to cultivate in their divisions the interest of volunteer observers and to promote 
the organization of meteorological societies. They are cautioned, however, not to 
duplicate the work of the Signal Service, but to maintain a most cordial and co-oper- 
ative attitude towards the observers of that bureau and to conform to its methods. 

Rain gauges will be placed at stations not occupied by Signal Service observers, 
and for the present localities at higher altitudes especially need investigating as to 
the amount of precipitation, and as a general though not invariable rule preference 
should be given to higher altitudes in choosing rain-gauge stations. It is deemed 
nnadvisable to use the slins psychrometer except in cases where the observer is known 
to be a man of exceptional intelligence and skilled in the use of meteorological in- 
struments. 

(4) The measurements of sediments transported is a subject which must await 
future development, and no instructions can be given for the present with reference 
to it. 

(5) Care should be taken to ascertain the duty of water in all localities where ir- 
rigation is practiced whenever opportunity occurs. The subject should be investi- 
gated personally, and too much reliance should not be placed on the mere statements 
of farmers unsupported by careful measurement. As the duty will vary, mucli in- 
quiry is necessary to ascertain upon what causes such variations attend. The fol- 
lowing factors seem to be of prime importance: (1) Method of flooding lands, (2) 
climate, (3) character of soil and subsoil, and (4) kind of crop raised. 

(6) The central office will be frequently called upon to furnish information not only 
to Congress but to thousands of individuals throughout the country upon the subject 
of irrigation. In short, it must constitute itself a bureau of information. The hy- 
drographers are expected to have their eyes open to all facts relating to irrigation 
and to keep the central office advised of everything of interest. 

Reports must be made monthly, embracing a full account of all operations dnxinff 
the month. Records of gaugings, with the plates of the section at the station, and 
records of soundings and leveling must be kept by the hydrographers and copies of 
them furnished to this office at such times as will hereafter be stated and upon sach 
forms as shall be prescribed. They will also collate the reports of the rain gauge and 
'^^her observers and consolidate them^ forwarding the consolidated report to tliis 
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UNITED BTATES QAIJ.ON8. 


CALIFORNIA iNcaea. 


100 gallooB per niinate equals— 


100 California inches equals- 


.44 aoru lUot iu 24 boors. 


4 acr» feet in 24 hoiiis. 


13^ - feet Id 30 days. 


1 " foot in " 


40 " " 3 months. 


120 " feet in 30 days. 


160 " " Iraar. 


;160 " " 3 months. 


1 " foot in 5.1 houts. 


1, 440 " " 1 year. 


.223 " " 1 aecond. 


IS snllons per HBcond. 


Hi Califoraift (miner's} inches. 


300 " per minute. 


ei Colorado (miner'B) incheu. 


77 Colorado inches. 


1 United States gallon equnla 231 cnbio 
inches, or 1.748 oubio foot. 


2 cubic feet per second. 




COLORADO INCHBS. 


CDBIC FEET. 


100 Colorado inches equals— 


1 cnbic foot per second eqnaU 


5t acre feet in 24 hoars. 


2 acre feet in 34 hours. 


1 " foot in 4.2 " 


60 '■ " 30 days. 


155 " feet in 1 month. 


180 " " 3 months. 


465 " " 3 months. 


720 " " 1 year. 


1,S60 " " lyear. 


7.48 gallons per second. 


Itti gallons per second. 


449 ■' per minute. 


1,170 " perminule. 


50 California inches. 


2.6 onhic feet per second. 


38.4 Colorado inches. 


130 California inches. 
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THE 8BEPAOE OF "WATISR. 

XXTRACTS FROM THX RBPOBT OF THS 8TATB KNGINBKB OF COLORADO FOR THE 

YEARS 1885 AND 1886. 

[Filed by B. S. Nettleton.] 

Seepase is % 8QbJ6ct which in begiDning^ to aaBame definite importance in connec- 
tion with the economic ose of water for irrigation ; but it is only within the last year 
or two that any observations have been taken to accurately determine the volume in 
the stream above when canals are taken out and at a ^ven point below. The 
amount returned to the stream by seepage through the soil was merely a matter of. 
ooojecture. 

It is a well established fact that before irrigation became so universal in Colo- 
rado the water in the streams was greatly decreased in volume as it found its way 
oat upon the plains. This was more particularly observed in the time of low water 
daring the sprint and fall season. Those who came up the South Platte Valley a 
few years ago wiu remember crossing the river in the eastern part of Weld County 
on the dry sand. 

Within the last ten years at Platteville the river has vanished utterly at times, so 
that people could cross and recross dry shod. But there has been a change in thia 
respeet, and it has evidently been caused by the building of irrigating canals and 
the distribution and suspension for a time of the water upon and in the uplands 
a4JMent to the streams. Ot>8ervation and experience prove conclusively that seep- 
age water is an important factor and adds largely to the volume of water flowing 
in the channel. 

The increase in the lower valley of the South Platte has been a matter of notice, 
and becomes so distinct and certain that new canals have been constraoted to take 
advantage of this interesting and important condition of aflGairs. 

It is well known that the bed of Cherry Creek, once ntilized as a thoroughfare for 
business in the oity of Denver, lias now a constant stream of water coursing through 
it, which Is nnqnestionably the resultof seepage from what is commonly known as 
the High Line Canal of the English company. 

In October, 1885, 1 instituted a series of measurements of seepage water in the 
Cache la Pondre, in order to obtain some accurate information upon this subject. 

Five points of observations were selected, the uppermost being at the measuring 
flame in the cafion and the lowest at a point east of the town of Greeley, the two 
points being about thirty-five miles apart. A request was issued to the canal owners 
to close down the head-gates of all thA canals, and so exclude all water ; but in con- 
sequence of head-gates leaking, it was found necessary to measure the quantity which 
found its way into each canal and add this amount to that found flowing in the river 
in order to obtain the total discharge. 

The following table shows the results of the measurements made October 12 and 

13,1885: 

[Cnhie feet per aeoond.1 



Plaoes where measoremenla were takoi. 



Water di- 
Water in verted from 



nver. 



river by 



F!r»t rirer measureraent 127.06 • 

Pleasant Valley and Lake Canal .....i 

I«ariiuer Coanty Canai ..........| 

Jackacm Ditch* ' 

Cache U Poadre Ditch 

I«arimer Xa 2 Canal 1 

New Mercer Canal • 

Fort CoUinft Canal 

SecmidnTermeasarement 134.00 

Larimer and Weld Canal " | 

Judge Howce* Ditch ' 

Joah Aaea' Ditch 

The Lake Canal 

Cache la Poadre Xa 3 

Third rirer Beasorfmenl 150.00 

The Whitnev Ditch 

Cache la Pondre Xo. 3 

Foorth river meaanrement ■ 161.86 

OidlTj Ditch 

FiAh river meaauiement 153.12 



Water in 
the river at 
the points 



pins that 

diverted by 

canalabe- 



I 



1.15 . 
0.58 . 
a«7 . 
1.00 . 
0.54 >. 
0.23 !. 
1.14 i. 



1.73 
2.60 
0.69 
1.25 
3.32 


1.5%: 
5.87 


3&96 



Increase in 
vQlnme of 
the river 
between 
theiraints 
measured. 



Increase in 
river from 
the cafion 
to point 
measured. 



139.47 • 



11.86 



1L86 



15S.47 



25.50 



UBL33 



192.07 



19.33 
'»."2i" 



37.40 



56.60 
'8&90 
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The fallowing table is made 
four years laWr, or in October, 1 
has Leon increasing since 1885. 



(Cnbic feet per secand.] 



"'■—••"""••■ 


T 


Water 
ai^^e^t6<l 

canals. 


Water tn 
river at Uie 

me?IS?ftd 

diverted by 

canals be- 

Iweon those 

poLuta. 


n volume 
of river 
between 
points 
measui-ed 


InrreMa 

of tJiB river 
ftnm tbe 
liauEing 

oution at 

poiiii »liere 
TueaHured. 


Increase 

ina°t«ti™ 

■c caDon 




88.7 










Ftrcmt. 




, 6.B 
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1L3 


11.3 






L7 


































































1.5 


116.8 


S6.B 


48.1 






0.8 
B.B 
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161.3 


14. 
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13J 7 
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13.S 





14&S 
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46.7 




3SJ.S 
327. 8 
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40.B 
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Table of ■measHime.nls uf srejiage ical-r in ihi- South I'lallo Uh-fF, dc— CcuiliiiiiRil. 



Where measurements were taken. 
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STATEMENT BY CHARLES W. GREENE ON FINAKCIAL POLICY. 



Dear Sir: Wlieuii 
lii|r, fur tbe coiixnleni 
of private capLtiil f<.r 

Vou sUKgeatecl th:il 
<li>rtaku tliecouHfnul 
and canatH, anrl ili:ii. 

Kirat. Tlio iiKlmri, 

Seoand. Tli.- ;^[^( r. 

Third. Tlio].rMi..-ii 
\Vhatevi!r viiliu' i.i;i 



", ChairMan Sjyeeial C 



tliu rmiiiuply uf the piililie iliiii 
:ci)rili'ii to Niich liiveat.nleiits. 



■itaidy of tlte Bubjeu 
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As to the first tppic. The chief indncement to'the investment of capital is the profit 
whioii may bo directly derived from it. The first qaestion asked is, Will it pay T 

Those undertaking, considered as a class, which are proven by experience in dif- 
ferent places and under varying conditions to have a reliable earning power, can com- 
mand almost any sums of money that may be asked, at a rate of interest ganged uy the 
risks incnrred. 

There must be, however, a public knowledge of such nndertakings amon^ the in- 
vesting classes to command attention. While many investors insist on having per- 
sonal knowledge of the management, or that it must be under their own eyes, otheis 
will take greater risks, provided the margin of profit is snfiicient to justify. It is the 
latter class who will make most of the investments until a better knowledge of irri- 
gation has been disseminated. 

To state the difficulties may best suggest the requisites for success. The arid dis- 
trict is localized west of the ninety-eighth meridian, distant from money centers. It 
is but thinly settled and comparatively little known. There is a wide-spread preja- 
dice, owing to the formerly prevalent idea that it was a ** desert," unfit for caltiva- 
tion and practically worthless. 

There is not much of it that is inviting to the casual observer. The natural prod- 
ucts are of slow growth; but few of them have any value as food for either man or 
beast. The tree-growth is shrubby and furnishes no desirable building material and 
but little fuel. The natural grasses, though nutritious, grow so slowly that as much 
as 30 acrea is required to feed each animal ranging on them. It requires some 
courage, born of knowledge and experience, to invest money in the reclamation of 
sach lands. Transportation facilities are limited. Settlements are few and far be- 
tween. There is no inducement for settlement, indeed it is impossible until a water 
supply is provided. 

It follows, then, that a first necessity is to lot investors know the truth in regard to 
these lands. That they are exceptionally fertile. That the application of water 
makes them wonderfally productive. That the 80 acres which will now support only 
one animal becomes capable, when a water supply is provided and it is seeded with 
tame grasses, of feeding from sixty to one hundred animals. That the choicest frnits, 
and all the cereals, reach the highest perfection upon these apparently barren lands. 
That agriculture or horticultare becomes there an exact science. That water, sunshine, 
and soil may be combined by the intelligent cultivator for the production of as cer- 
tain results as the manufacturer can attain from the combination of labor and the raw 
material in the various processes of industry. 

Your committee has gathered a vast amount of reliable information that proves the 
value of these lands and the falsity of the popular impression, and which proves, 
too, the certainty of satisfactory returns for capital judiciously employed. The pub- 
lication and general distribution of this information will, in my humble opinion, 
exert a most potent influence to secure the investment of private capital. It is a lack 
of knowledge which greatly delays such investments. 

No greater inducement can possibly be offered than a statement of facts in regard 
to this region. The term '' desert '^ is a misnomer as applied to such lands as water 
can be supplied for. 

When compared with the granite hills of the East, with a scanty soil and a hleak 
climate, or even with the prairies of the central West, it has manifold advantages. 
There is a wealth of natural resources but little comprehended. There is money m 
the bright warm sunshine ; there is money in the water wherever it can be brought 
and applied to the soil ; there is money in the fertile surface soils ; there is money in 
the clays ; there is money in the timber ; there is money in the vast coal-fields, in^the 
extensive deposits of iron ; there is money in the gold mines, in the silver mines, in 
the copper mines, in the lead mines ; there is literally money in the underlying rocks. 
There is health and comfort in the dry, mild climate, in the mountain air, in the free- 
dom from malaria and pulmonary ailments. These are among the induoemeht.s for 
investing money in irrigation and which will invite settlers to occupy every irrigable 
acre. 

The area under discussion is of vast extent. It includes seventeen degrees of lati- 
tude and twenty-four degrees of longitude. The altitude varies from sea-level to 
about 8,000 feet. The temperature ranges from 40^ below zero to 120^ in the shade. 
The products embrace all those of the temperate zone and the subtropical fruits and 
grasses. 

The sources of water supply are from running streams, from springs, and wells, 
from artesian wells, from tunnels into the mountains, from reservoirs retaining flood 
waters, etc. The distribution is by gravity through open canals and aoequiaa, throagh 
cement and iron pipes at various pressures, or water may be raised or forced by wind, 
steam, or hydraulic power. The cost of water supply may range from a single del- 
ar per acre to a hundred dollars or even more, and under certain conditions the latter 
>8t may be justified by the returns. 
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Kach locality bas its specific advantages and favoring conditions. Experience has 
proved that irrigation enterprises have been sncoessful in every part of tbis great 
areA and under all of the varying local circumstances. But very few have been un- 
siiccessfal, and those were generally so from faulty management. 

They are not all equally prdfitiEbble. Some localities offer far greater advantages 
than others, and the most signal successes, as to financial results, have been achieved 
where the seasons are longest, where the sun shines hottest and most constant, and 
where vegetable growth is rankest. 

The inducements to be presented to investors will necessarily be suggested by the 
conditions existing in eacn separate locality. 

With a general knowledge of the underlying principles of irrigation, considered asv 
an industry, widely disseminated, each undertaking will commend itself by its own 
pecnliar advantages. These may be a specially fertile soil, a favorable climate, 
adaptation to particular products, a ^ood local market, the facilities for transporta- 
tion, cheapness of construction, an active demand for water which makes it command 
the higher prices, etc. 

The security for such investments is exceptional. The increase in value of the land 
reclaimed is bo positive and so rapid, and these values are so substantially based upon 
laud with its earning capacity, that deferred payments and Annual charges, as well 
as reasonable bonded indebtedness, are safe beyond all question. As compared with 
railroads, water- works, gas-works, or other corporate undertakings where the growth 
of traffic or patronage is comparatively slow and is contingent upon so many uncer- 
tainties, irrigating enterprises increase the values of land reclaimed often many fold 
within the brief time devoted to construction, and each item added to the income ac- 
count beeomes permanent and practically perpetual at agreed rates. 

It will be very difficult to adapt general legislation to all the varied conditions 
which exist within the arid region of the United States. In Egypt the Nile is the 
one Honroe of irrigation, and legislation may readily control every detail. In Spain 
or Italy the area Is comparatively small in each, the climate is uniform, and all the 
conditions are similar, yet in these countries irrigation has presented many difficult 
problema&r solution. It may be here noted that it is everywhere successful and 
profitable, and when once undertaken is never abandoned. 

While the Wright law of California is admirably adapted to the needs of that Stat<e, 
where the lands are nearly all owned by individuals, the titles perfected, and all sub- 
ject to taxation, where transportation facilities are excellent, and where all industries 
are well organized and specialized, it is wholly impractical for many localities, and 
particularly where there are large areas of unoccnpied lands. In such localities the 
i n vestment of capital must precede general settlement. The settler can not occupy or 
cultivate the land until provision is made for supplying water. The homesteader is 
not generally wealthy, and most of the localities where it is within the capacity of 
individual or community effort to secure and distribute water are already occupied 
and under improvement. 

It is those districts where large streams must be diverted, where engineering diffi- 
culties are to be overcome, or where the water supply must be stored in expensive res- 
ervoirs which are now requiring large sums of money for their development. These 
are wholly out of reach for the land locator, and all the profit which could be de- 
rived under the most favorable circumstances firom 100 or 200 acres of land would be 
small inducement for any man to inaugurate such undertaking. They are clearly 
l>eyond the capacity of individuals or communities. The individual can not live 
there, nor the communities be formed, until the large expenditure has been made and 
the water supply is actually provided. 

Again, the municipal or public corporation system is impractical for such districts, 
becaase there is little, if any, taxable property. The homestead is not taxable until 
final proof is made, and that reqtkires five years of actual residence. Pre-empted land 
is not taxable until a final receipt is issued, and that may be more than two years 
after settlement ; and so with land taken under the timber-culture law or under the 
"desert^' act, the title remains vested for a longer or shorter time in the Govem- 
ment, and the land is not subject to taxation during that time. 

Whatever inducements may be offered to private investors to reclaim and make 
these lands inhabitable by direct legislation, it appears to me, must be in the way of 
providing some practical method by which capitalist and settler may co-operate. 
\\liile the one shaU make available a water supply he must be entitled to a fair and 
x'easonable compensation, and the lands deriving a benefit should be held responsible 
for the payment. This regardless of whether the title remains in the Government 
after entrv or has been perfected by the occupant. 

A literal compliance with some of the present laws — which were never designed for 
the oonditions under consideration — would render the construction of irrigation works 
almost impossible, and of necessity these laws have been construed with some lib- 
erality to the settler. 
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The embarramments which must attend such legislatioa are manifold. It is vari- 
ously estimated that from |80,000,000 to $120,000,000 are already invested in Irrigation 
plants. They have been created ander existing statutes, generally State or Territo- 
rial enactments. Though any proposed legislation should not be retroactive, any 
radical change might seriously affect present investments, as these undertakingB re- 
quire years of time for their development, and most of them are just at the beginning. 
Based upon enactments now in force and calculated upon existing conditions, they 
may be crippled or destroyed by adverse national legislation. Further investments 
would certainly be discouraged by injury to present investors. 

Popular clamor denounces corporations and demands a scaling of the profits to be 
allowed capital ; but such clamor is not always reasonable or just. The nndertakin^ 
are too large for single individuals, and the aggregation of capital is only possible 
under the corporate or company system which has been devised for its concentration 
and employment and for the determination of personal liability. 

Because there have been abuses of corporate powers is no good reason for the de- 
nunciation of a system which has accomplished so much that is beneficial. 

A law which shall limit the profits of oqc party where the facilities are specially 
good and all conditions favorable, would desax>y another less fortunately situated. 

I shall therefore summarize as to the first topic : 

There shonld be a general dissemination of reliable information to enable investors 
to judge intelligently as to the merits of the industry as a whole and as to particular 
locfd^ities. To this end the hydrographic and topographical surveys tihoald be has- 
tened. This is clearly within the province of the Government to provide. They 
need not be accurate and complete surveys, but rather preliminary, only presenting 
such general data as will determine the relative location of suitable dam sites, saffi- 
cient storage capacity and available arable lands, and as to what reservations are 
actually necessary. The extent of drainage area and average rain-fall should alao 
be determined. There are not so many of these favorable locations as may be sap- 
posed. Indeed, they are comparatively few. 

The area to be reclaimed is of such vast extent and there is such a variety of soil, 
climate, productions, of transportation facilities, of water supply and distribution, 
that national legislation may easily prove prejudicial. 

The land laws should permit of co-operation between capital and settler. There 
should be positive assurance that the Government will not compete with nor embar- 
rass private undertakings, though it may adopt all proper safeguards accainst the 
abuse of granted privileges. 

With national legislation to protect the public land while providing for its occn- 
pancy ; to determine as to suitable dam and reservoir sites ; to prevent the occupancy 
of sites adapted to reclaiming and utilizing a large area by parties w^bo only im- 
prove a fraction of it ; to definitely determine the rights of appropriation of water 
limited to its use only ; to grant the use of designated reservoir sit-es and right of 
way foir canals and ditches on public lands, I submit that the legislation suited t<o 
each locality for the inducement and protection of investors can be properly and 
safely intrusted to the States and Territories. 

The second topic : What are the practical safeguards against the monopoly of the 
public domain by individuals or corporations f 

So much more is heard of the abuses of granted privileges than of the benefits 
derived that it is not unnatural if it creates an unfavorable opinion as to pablio 
honesty. 

Yet it is quite safe to assert that the great mass of investors are really desirouH of 
acting within the law. Obedience to and regard for the law is a necessity to the 
stability of investments. It is a small minority who are disposed to take advantA^e 
of their associates or of the Government. With the experience of the past as a guide 
it ought surely to be possible to guard against the schemes of the evil-minded with- 
out unduly restricting the operations of those who in good faith are willing to aid in 
creating wealth from the vast undeveloped resources of the region in question by 
the use of their capital. 

There are four prominent methods under existing laws of acquiring title to the 
public lands. 

The homestead law provides for a long bona fide residence and the payment of only 
nominal fees to acquire title. As I have before suggested, a homestead settlement 
can not very well precede a permanent water supply^ and is only possible where the 
annual rain-fall will permit of some cultivation or will produce partial crops. It is, 
therefore, impracticable to adapt the present law to many large areas which it is 
possible and desirable to irrigate. 

The pre-emption law requires a shorter term of actual residence on the land, hat 
exacts $1.25 an acre in payment for it. This law has been taken advantage of and 
abused more than any other. If repealed as to the irrigable region it could probably 
be substituted by a better enactment. 

The timber-culture law is objectionable in many respects, yet nowhere is then 
greater need to encourage the grow^th of trees for timber and fuel. If suoli encoor- 
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a[^einent coald be provided for in some other way, or if it should t>e required of eanal- 
builders, perhaps, as a condition to the granting rightof way to plant trees along 
the main canals and principal laterals and on the margin of reservoirs, it would be 
of inestimable advantage to the public welfare. It would fully compensate the ex- 
pense to the builders or owners of the canals by direct benefits. 

The desert act has many good features and some bad ones. It giyes inducement 
for the reclamation of the land by allowing the acquirement of a full section to each 
individual. It does not require residence either before or after the water is provided. 
The entryman may not be a resident either of the State or Territorv. It does not 
Btipalate as to what use shall be made of the land or how much shall be put under 
cultivation. It only requires that permanent water shall be carried to each 40 acres, 
and evidently assumes that when such expense has been incurred the self-interest 
of the entryman wiU prompt him to cultivate it. Under this law great abuses have 
been perpetrated, and yet it has some commendable features. 

Can not a law be framed that will cont&in the good features of all these several 
lawH and be the only one under which these lands may be acquired f 

It may provide : 

(1) For a reasonable limit of area. 

(2) Prohibiting more than one entry to each individual, and defining the qualifica- 
tions of an entryman. 

(3) That the entryman may mortgage it to secure a water supply to a certain limit 
and to insure its maintenance. 

(4) For a time limit within which the water supply may be secured. 

(5) For actual residence and cultivation after water is obtained. 

(6) For the perfection of title when certain improvements have been made or when 
a stated proportion hs^ been brought under cultivation. 

(7) Forencouragementtotree-plantiug,not by the [acre of solid growth, but by the 
number of thrifty trees, permitting the planting along ditches or fence rows and to 
include either fruit or forest trees. 

(8) Severe penalties for the violation of its provisions. 

As to the limit of area, it must in great measure depend upon the class and locality 
of the lands. While 5 acres of orange orchard, or other semi-tropical fruits, may 
afibrd a handsome income, 5 acres of land only adapted to grain or a single crop of 
graas would not be worth having. Whether the lands shall be classified, and who 
shall be authorized to make the classification, will require careful consideration. 

The importance of rapid settlement and Improvement of the reclaimed lands^ and 
the advantage of having it occupied by the greatest number of occupants, is so great 
to a company providing water supply that it almost insures the exertion of every 
energy to tbat end. I^ then^ there shall be a limitation put upon the acquirement of 
extensive areas to be held for speculative purposes without improvement the returns 
to capital will be made dependent upon legitimate efforts. 

A. combination of the irrigable and pastoral lands has been strongly urged by Mf^or 
Powell. Whether it can be practically accomplished throughout the entire region 
and under all circumstances is a question for very careful consideration. A limited 
area immediately adjoining a small tract of irrigated land could have no great value. 
Take the gramma grass districts as an instance. After each rain-fall the stem of this 
grass freshens and renews its growth. As the surface moisture is evaporated it dries 
and growth ceases until the rain •falls again. It is equally nutritious, dry or green. 
It requires three years for a growth of 6 to 12 inches. If cut or fed close it may be 
Dion ths before it will again furnish pasturage. Under the present system of range 
feeding cattle can feed at any time over a range of 5 miles or more from permanent 
streams or springs. As soon, however, as a heavy rain or snow fall permits them to 
leave such permanent water they travel for long distances upon the plateaus or into 
the mountains. When one section is covered with snow they drift to another, it may 
be one side of a mountain where the snow melts soonest, so that localities many miles 
from permanent water are now utilized for pasturage. T>iat these cattle must have 
access to the permanent water goes without saying, and the fencing in of such waters 
can not be permitted. If they are prevented from reaching the river they must have 
access to the canals or reservoirs. But if the pasturage shall be confined to the tract 
immediately adjacent to the irrigated lands many districts of plateau and mountain 
will be wholly worthless. 

The third topic : What protection shall be accorded to such investments : 

(1) A definite determination as to the rights which may be acquired in the use of 
water. 

(2) Legal protection against subsequent locators who may seek to divert water 
supply where provision has already been made for its distribution for such reason- 
able time as will permit the settlement and improvement of the lands. 

(3) A lien against the lands benefited to secure the paymentof a justcomi>ensation 
for constructing the works and for their maintenance and for the use of the oapitiil 
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Invested, such lien only to apply as against the private ownership as acquixed under 
the laws. 

(4) Protection against malicioas injury to the works and against the improper use 
or w^aste of water by the occupant of the land or others. 

(5) Power to adopt and enforce such rules and regulations for the distribution of 
water as may be necessary to conserve and to facilitate its economic use. 

The subject is very broad and of great importance, and I appreciate that in the 
brief time at my disposal and under ute pressure of business engagements I have; not 
been able to do it full justice. 



REPORT BY E. M. McCLELLAN, C. E., ON ELKO COUNTT, NEV.* 

Elko County, situated in the northeastern ^art of Nevada, is 155 miles in width, 
east and west, and 120 miles in length, containing 16,670 square miles of land. 

About 30 miles south of the north boundary, extending across the county from east 
to west, is the water-shed, separating the waters of the Columbia and l^nake Rivera 
from those of the great basin. 

This water-shed is composed of several different parallel mountain ranges wbicb 
trend north and south, having an elevation of ^,000 to 10,000 feet above the sea-level. 

In many places the valleys between these ranges have such ^n even slope both wuys 
from their highest part that it is only by close observation a person can determine 
when they have crossed the water-shed. At other points the ranges are connected by 
cross mountains, nearly as high as the main mountain. 

On the north side iDf this water-shed are six main streams, viz : Goose Creek, in the 
east, Salmon River, Bruneau River, and the east, middle, and west forks of the 
Owyhee River. In the northwest corner of the county, lying between the east and 
west forks of the Owyhee River, is the Owyhee Desert, containing over 1,000,000 
acres, 750,000 acres of which is fine agricultural land. 

Four of the rivers now flow north, viz, the Salmon, Btnneau, and east and middle 
Forks of the Owyhee, which show distinct traces of having once discharged their 
waters in the opposite direction, and in the valleys at their heads can to-day be 
traced the shore-line of old lakes. At that time also the water-shed was farther nortb 
than now, and its course northeast and southwest. Subseq^nently the vast lava field, 
which covers Oregon, Washington, and Idaho, flowed up to and in some places over 
the divide. The consequent settling of the earth's crust beneath the weight of the 
lava caused an elevation of the country a few miles away from the edge ; and also 
the convulsion which broke apart the mountain near by, and which are shown to-day 
by the deep, narrow cafions through which the rivers flow. 

Upon leaving these canons the rivers have worn away the lava to. a i^reat depth, 
and now flow across the desert in precipitous gorges from 200 to 3,000 feet in depth. 
Where the mountains end and the lava field commences, the rivers are very near the 
level of the desert and can be readily carried over it. And in each of these canons, 
which are not over 100 feet wide at the bottoiA, dams can be placed taming the 
valleys again into lakes, and the water, now running to the ocean, will be utuized 
in reclaiming land, which is the richest and most productive in the world, but, as it 
now lies, is worthless. 

As most of the agricultural lands lying below the old lake beds on the Salmon and 
Bruneau Rivers and Goose Creek are in Idaho I will not report on them, but will 
mention a small lake bed, near the head of the Salmon CNo. 18), which can be re- 
flooded and 20,000 acres reclaimed in this State, and one on Goose Creek (No. 19; 
which will irrigate 10,000 acres. 

Upon the east fork of the Owyhee are two reservoir sites, Nos. 16 and 17, on 
appended plat. 

No. 17 is at the upper end of the ancient lake bed and can be utilized in irrigatiai 
4,000 acres of land below it, which will not be covered, by a reservoir 100 feet bigl 
at No. 16. 

No. 16 will flood about 10,000 acres at the lower end of the old lake bed and st 
sufficient water to irrigate 150,000 acres of land. It has 220 square miles of natui 
water-shed, some of the mountains being 10,000 feet high. 

No. 15 is an old lake bed, now called Bull Run Basin, and is the finest small rei 
voir site in the country. It has about 50 miles of water-shed, is surmounted by hij 
mountains, and water can be stored for 50,000 acres. 

* This report did not reach the committee in sei^son ^o l^e |nse^ed in th^ tl^lrd v< 
^me of testimony. 
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No. 14 is in the southern part of the State ; same lake hed as 15, the moantaiu 
having been broken open in two places, but the site for a reservoir is not good. It 
is separated from 15 by a ridge 100 feet high. 

No. 13 is the old lake bed near the head of the main Owyhee, aud has a drainage 
of 270 square miles. The storage capacity and water supply is amply sufficient for 
250,000 acres. 

The Little Owyhee, heading west of Elko County and flowing across the northwest 
comer, has a small lake bed near its head, not shown on the accompanying map. 
The waters stored in these reservoirs, Nos. 13, 14, 15, and 16 and on the Little Owyhee, 
can by canals be conducted upon the lava field at the highest places and conveyed 
over all the land which water can be collected for. The necessary canals leading 
out irom the cafions and constructed along the base of the mountains would also 
gather all the water coming from the mountains in the small streams which flow 
down. The early spring flow &om these streams alone will irrigate at least 50,000 
acres during the flow, which lasts till July. 

Heading m the water-shed and flowing south into the Great Basin are a large num- 
ber of fine streams, the largest of which flow through ancient lake beds, which can be 
converted into reservoirs. Commencing on the west, the first one is the Little Hum- 
boldt River, which rises upon the southern crest of the lava belt; flows north 18 miles, 
then west and southwest. There aita no lake beds along its course until after it 
enters Humboldt County. 

Rock Creek flows south through two old lake beds, each of which will be easily 
flooded. The first, No. 12, at the lower end of Squaw Valley (the present name of 
the old lake bed), has a drainage of 400 square miles. There ar^ only about 10,000 
acres of agricultural land in Elko County below this reservoir site. The second. No. 
11, 12 miles below the first, in Rock Creek Basin, and partly outside this county, has 
an additional drainage of 200 square miles. 

About 200,000 acres of good agricultural land lies below these two in Eureka, Lan- 
der, and Humboldt Counties, a part of which can be reclaimed by these reservoirs. 

No. 9 is another lake bed, situated just outside of this county. It is not as good a 
reservoir site as any of those so far named, but has a fine water-shed of 250 square 
miles on Maggie Creek. About 10,000 acres can be reclaimed by this. 

No. 10, on Susie Creek, is a small reservoir point ; has a water-shed of 50 square 
miles, with 3.000 acres ofgood agricultural land below. 

The north fork of the Humboldt, with its tributaries, flows through five old lake 
beds. Nos. 2, 4, 5, and 6 are comparatively small, and will flood about 2,000 acres with 
dams 30 feet high. No. 3 is the largest and most important in the county south of 
the water-shed. The old lake bed covers nearly 10 square miles, drains 750 square 
miles of territory, and will irrigate 100,000 acres of land which lies below it. 

No. 7, near the head of Mary's River, on Hanks Creek, is also an important reser- 
voir site. It has 50 square miles' drainage of mountains 9,000 feet high, and nearly 
200,000 acres fine agricultural land below it. 

No. B, at the head of Bishop Creek, is a second-class reservoir site, with a drainage 
of 75 square miles. 

No. 1 is the only lake bed that can be used on the south side of the Humboldt River, 
and a very important one, as into it can be put the drainage of 700 square miles, cov- 
ering the hignest mountain range in the State of Nevada (the Ruby Mountains, 
which are 13,000 feet high). A dam here 100 feet high would cover 10 square miles, 
but it would take one at least 200 feet high to hold all the water now going to waste. 
There are at least 1,000,000 acres of agricultural land below in the Humboldt Valley. 

These lake beds, from Nos. 1 to 12 inclusive, lie in the Humboldt Basin. In addi- 
tion to these, which are away from the main river, there are three places in this 
county where the river has broken through mountain ranges — at Al, A2, and A3 — 
where are fine sites for large reservoirs but impracticable on account of the railroad 
and towns in the valley. They also mark the sites of old lakes which were several 
hundred feet in depth. 

Al, at the junction of the north fork with the Humboldt River, is the largest. A2, 
below the mouth of the south fork, is second in size. A3, in the western part of the 
county, at the mouth of Maggie Creek, is third in importance. The break through 
the mountains below A3 forms the Palisades, noted as the finest bit of scenery along 
the overland railroad. 

Below each of these reservoir sites is sufficient land to be irrigated with all the 
water that can be stored in it. 

The Humboldt River is the most important river in the Great Basin, having nearly 
1,500 miles of water channel. The entire water-shed of this river lies in EI^^o County, 
except two tributaries of the Little Humboldt in the northern part of Humboldt 
County, and Reese River, iu Lander County, which flows north through the central 
part of the State. 

The river in its course southwest, after leaving Elko County, flows across one 
pther larger lake be4 than any of those above, and breaks through another chain of 
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moant»!ns at Iron Point, between Battle Mountain and Winnemncca. Battle Monnt- 
ain is built within this lake bed, and contains the only artesian wells that have been 
sank in the eastern part of the State. Reese River enters the Hnmboldt Valley at 
this point. 

Throaeh Elko County the Humboldt River bottom is about a mile wide. On each 
side are blufis from 50 to 100 feet high, and extending back from these blnffis to the 
foot of the mountains on both sides lie table lands, upon which the few farmers in 
our county are located, and where all crops raised in the temperate regions can be 
grown and harvested with far less work than in the countries not irrigated. At the 
present date the farms are located along the small streams where they come from the 
mountains, and where the only work necessary for reclaiming the huid was to clear 
off the brush at a cost of $2 an acre and run a plow furrow from the creek upon it. 

Only one reservoir has been built in the county. It is located in Squaw Valley, in 
the western part of the county, and a canal in connection with the reservoir has re- 
claimed 5,000 acres. The company expect to irrigate as much more by it as soon as 
the land can be cleared off. This land without the water was worthless, now it is 
worth $100 an acre. The cost of constructing the dam and canal was f200,000. Cost 
of 5,000 acres of land cleared and planted was $25,000, which leaves a gain of 
1275,000. 

The cost of the next 5,000 acres will be only $25,000 which will net the company 
owning it $475,000. 

The reservoir site, utilized by them, is poorer than any which I have mentioned as 
vet, being the only one which the company could utilize for their land. There are a 
large number of reservoir sites throughout the county as good as the one utilized in 
Squaw Valley. 

In the northeast comer of the county the water-shed has turned north to within 12 
miles of the north boundary, and on the south slope is the headwaters of Thousand 
Spring Creek. The north branch, called Rock Creek, heads here 25 miles w^est of 
the Utah line and flows south 20 miles. The South Fork, or main Thousand Spring 
Creek, heads 35 miles' south and 25 miles west of the head of Rock Creek, flowing 
northeasterly to the junction. 

Just below the Junction the mountain has been broken through, and above it is the 
reservoir site, marked No. 20 on the appended map. These creeks drain 450 square 
miles of water-shed, one-third of which is mountain land. Twelve miles below tiiis, 
one, at No. 21, is another lake bed, which can be utilized, but the opening where a 
dam would be buUt is nearly 300 feet wide. It has 125 miles of additional water-shed. 
Below these two reservoir sites is 125,000 acres of fine vallev land. 

The waters of Thousand Spring Creek and all east of the Ruby range of mount- 
ains belong to the eastern part of the Great Basin in which Salt Lake is situated. 
In the southeastern part of the county the mountain ranges are lower than elsewhere 
and the precipitation of moisture far Jess. The prevailing storms are all brought 
from the Japan current in the Pacific Ocean, northwest of us, and the water-shed on 
the north and Ruby Mountains on the west catch most of the moisture as the olouds 
go over them. 

There are two ranges of mountains in this section, with valleys between, which 
have no outlet and were lake beds at some period of greater precipitation than now. 

Between the Ruby range and the first range east the valley is divided into two 

fiarts. The southern part, lying close to the Ruby Mountains, is called Ruby Valley, 
t is 5 miles wide at the lower end and 12 at the upper. At the south are two 
lakes — Ruby and Franklin. The Ruby range is low at the south, furnishing^ com- 
paratively little water, and Ruby Lake is fed by numerous springs which overflow 
irom the artesian belt beneath, created by the ancient lake. Franklin Lake, just 
north, and about the same level as Ruby lake, is supplied from the surface streams 
which flow into it and Franklin River. 

Ruby Valley is 50 miles long. Northeast of Ruby Valley is the northern part of the 
main valley, which is subdivided into two valleys, called Clover Valley and Inde- 
pendence Valley. 

Clover Valley lies on the east of the mountains, which is here generally called 
Clover Mountains. The valley is 20 miles long and 10 miles wide. East of Clover 
Valley is Independence Valley, 40 miles long and 10 wide. 

These two valleys once formed a lake ox greater extent, but have now less pre- 
cipitation of moisture than Ruby Valley. 

Just south of Independence Valley is Spruce Mountain, which has an elevation of 
10,000 feet but is only 3 miles long on the summit. East of the south end of Huby 
Valley are the north ends of Long and Butte Valleys; across the mountains lies Step- 
toe Valley. It is divided into two parts, the northern part lying in this county and 
being 60 miles long and an average width of 10 miles; it is called Goshnte Valley. 
The ancient lake bed in this valley is more extensive than in the valleys west of it, 
but at the present day the j^recipitation of moisture is far less. All of these valleys 
show the presence of artesian belts beneath, but no wells have ever been sunk «iid it 
is not known what supply the^ wiU furnish. 
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There are no good reaervoir sites in this section of the county, andalthoagh there are 
oyer 1,000,000 acres of fine agricultaral hind in these valleys, not OTcr 2u0,000 acres 
of this can be irrigated without a large expenditare for storage. The Raby and Clover 
range have sufficient snow and rain-fall to irrigate all the land in the valleys if it 
was stored. 

The reservoir sites thus far described are the largest and best in the countv, will 
need an average exj^enditure of $100,000 each, and the work can only be done by the 
Government or capitalists. Twenty of the twenty-one mentioned have an outlet 
where the dam would be placed less than 100 feet wide, and a dam 100 feet high 
would not be over 700 feet long at the top. 

The bottom and sides of the calions are, in all cases, solid rock, and stone for build- 
ing can be quarried on the spot. The land to be irrigated below them still belongs to 
the Government. Nearly all the land in this county taken up is on the low bottoms 
along the rivers and streams that were natural meadows, where the ground is too 
damp and cold to raise anything but grass. 

Owing to OUT poor transportation facilities and an nigust discrimination against 
the whole State by the only through line of railroad in it, the farmers have been only 
able to raise cattle for the markets abroad. The consequence is that in selecting 
land the first necessitv for the settler was to find a piece of meadow where he could 
at once raise hay for his stock. Then if by a little work he could clear off and culti- 
vate a small garden to raise enough vegetables for his own use he had to be contented. 

Before the railroad was built connecting the mining town of Eureka, in Eureka 
County, with the Central Pacific Railroad the people had a good market for their 
prodoce, and farms were taken up and vegetables and cereals grown for that market 
along the slope of the Ruby Mountains. Upon the construction of the railroad and 
a combination of the two roads produce of aU kinds were shipped from California and 
the East cheaper than the farmers could land it in town. For a number of years 

Srain was shipped from California to Eureka for $10 a ton; at the same time if a 
evada farmer living near the railroad wished to ship his grain to Eureka he would 
have to pay $30 a ton. On. all other farm produce the same unjust discrimination is 
used. 

This has nothing to do with fche amount of a^oultnral lands and reservoir sites in 
our Stale. I know, but it accounts almost entirely for the lack of advancement we 
have made. Neither capital nor settlers are attracted to a place where they know 
exorbitant rates will be charged them for everything that can not be raised but must 
be shipped in ; where, when anything is raised, the rates for importing the same 
thing is lowered till it can be sold within a few miles at a less price than it can be 
raised and landed to the market for;, and where, when a market for the produce is 
found away from home, the rates are raised till it will not pay to ship it. These are 
the actual facts in this State, and because of this the people have been confined to 
the raising of cattle and horses, which could be sent to market without depending 
upon the railroad. 

The interstate law has helped us some, but there still remains high rates which 
only a competing line of railroad will overcome. 

A close estimate of the land in this county shows that we have nearlv 2,500.000 
acres of No. 1 agricultural land and about 1,500,000 acres of this can be reclaimed oy a 
proper storage and distribution of water. In doing this the reservoirs so far men- 
tioned only form the principal points for storaji^e. There are hundreds of small res- 
ervoir points where a small expenditure of capital and work will create a storage of 
waste waters capable of irrigating from 100 to 10,000 acres of land each. 

In calculating the agricnfturar acres I have only put in my estimate those lands 
in the county where it appears the best results could be had. I have left out nearly 
1,000,000 acres which have a rich soil but which lie in small tracts not easily reclaimed 
ooropared with the rest. When this State has the population which its vast mineral 
wealth and unrivaled climate will some day bring to it, most of this land will also 
be utilized. 

As I have stated before most of the lands taken up lie along the river and creek 
bottoms and are too cold and damp to raise anything but hay. Along the Ruby 
Mountains is the largest exception to this rule, and it is nere that most of our farmers 
have settled. Here at an elevation of nearly 6^000 feet above the sea-level can be 
raised i^ the products of the temperate regions, including grapes, peaches, cherries, 
apples, and small fruits as well as all the vegetables and cereals. 

The climate is so healthy that there are only four doctors in the whole county, and 
meet of the eases they have are caused by accident and not from disease. 

Of this 2,500,000 acres of good land, only 90,000 acres is under irrigation to-day, 
and 60,000 of this is natural meadow, leaving only 30,000 acres actually farmed. 
All lands that are to be reclaimed are farming lands, being dry and warmer than 
the bottoms. A very liberal estimate to be placed upon the cost per acre for storage 
of the water and canals for conveying it upon the lands would not be over $20. The 
cost of clearing it off ready for cultivation would not be over $5 per acre more, mak- 
ing a total cost of $25. 
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In the northwestern part 6f the United States, along the Paeific coast, where immi- 
gration is now directed, the actnal cost of clearing the land and getting it ready for 
cultivation is $135 per acre. The land is no richer, the climate lar inferior, find the 
amount of work to harvest a crop nearly donhle what it is iH this State. 

There is also in all non-irrigating regions the llahility eveiy few years of drougbt 
with consequent loss of crops or excessive moisture Witn equally had results. Here 
the farmer can tell hefore planting, even without storage^, exactly hot7 inany acres 
can he irrigated each year, and. supplying the growing crops himself with just fbe 
amount of water needed for eacn product, ne never misses a harvest, aiid the produce 
of his iields and orchards is fully equal and in many oasee supetior to those of non- 
irrigating countries. 

The traveler crossing our State sees only the worst sections of the eastern part. 
The line of the railroad along the river hottom under the hluffs is 50 feet or more in 
elevation. 

Looising from the car window he can see in the»distan€fetheinbtintains covered 
with perpetual snow, and can imagine that there must be streams flowing £rom them, 
hut he does not see the miles of rich tablelands intervening, across which flows from 
April to June sufficient water to convert every acre of it inro productive farms if held 
in reservoirs until needed. 

No measurement of the annual flow of water in the numerous streams in the county 
of Elko is known, but the farmers who have been in the country the longest state 
that they are positive the quantity of water flowing to wtete every year is amply 
sufficient to irrigate every acre of agricultural land in the county. If thi6 be true, it 
would bring 3,500,000 acres under cultivation instead of 1,500,000 as I have estimated. 

The agricultural land and the water to irrigate it lie in close proximit;^ in this 
northern part of the State. The only thing necessarv to ci^ate a fertile and populeoB 
county out of the seeming desert, is wise legislation nmnded upon a Just appreciation 
of the needs of an irrigation district. 

All enactments of our law-makers, since the organization of the United States, have 
been founded upon the English common law, acknowledged to be the best in the 
world, and as long as we had only a country to make laws for which did not need 
irrigation the English riparian act was the ti^e needed for that cotmtiy. l^ut now 
we have a vast empire of arid lands for which an entirely diiferent code of laws is 
required, and to successfully meet these requirements it is absolutely necessary to 
frame laws of a character wholly unprovided for by English common la^^. To do 
this it is not necessary that experimental enactments be passed as though ir^gation 
was a new thing in the world. 

The experimental stages of law-makitg for the successful reclamation of krid lands 
have been passed through by other governments, both in the ne^ world and the old, 
and all we have to do is to adopt the best of these, 6r compile a code of laws from the 
best parts of all or some of them with the very dight changes i^hich mi^ht bir tieces- 
sary to their introduction into a free country. 

The main point upon which the successful solving of the irrigation problem de- 
pends is the absolute ownership and control by each State government or all vratera, 
storage points, and right of way for main feeding and distributing oatoals. Thre State 
could then construct the canals and reservoirs and rout the water (as dofie by other 
governments) at rates determined by the cost of constructing and Ireeping iff repairs 
the necessary works. 

No time should be lost by the Government in secnritig all the ^Ittef and storage 
points in the arid regions. The history of other irrigating communities shonM be 
sufficient for us to be assured that only evil will befall any Section of Our country 
whero one of the main elements of life is the property of any individual or corpora- 
tion and can not be controlled by the people. 

Our agricultural lands lie at a general elevation of 5,000 to 6,000 feet above the sea- 
level. Our mountain ranges have varied elevations of fltom t,000 to 13,000 feet in 
height. Very few observations have been taken of the amount of rainr and snow 
fall at different elevations in the country, and at only one j^lace ha^e v^e mnf data 
for a Series of ten years past. 

At this place (Camp Halleck), situated at to elev^tiofi of nearly 6,000 fMi, the mun 
precipitation for the ten years was 10.5 inches annually. That is the general average 
of precipitation also over a large part of the agricultural Itods of the same genem 
elevation, but it nearly all falls in the winter and spring atid has mostly disappeared 
before the irrigation season is o^er. This almount of pteoipitation isgroater tiban in 
many places in the United States where irrigation is unknown. 

The precipitation in the mountains can only be estimated, bijt it osn 90t be less 
than three times that of the valleys. 
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8TATBMBNT OF ARNOLD HAGtTf, GEOLOGIST, U. S. GfiOLOGlCAL 
SURVE'S', IlT RELATION TO THE NATIONAL YELLOWSTONE PARK 
AS A WATER RESERVATION. 

In tbe organic act of 1872, eRtablishing the Tdllowstone Park, Congress declared 
that the reservation was *' dedicated and set apart as a pablio park or pleasnTe ground 
for the benefit and enjoyment of the people." The wisdom and foresignt of those who 
at that time nrged the withdrawal irom settlement of this tract of land from the 
pablio domain has never been questioned. 

The necessity for the protection of the geysers and hot springs and other nnrivaled 
scientific onriosities of the region, the importance of utilizing the park as a game 
reservation for the larger Rocky Mountain animals rapidly becoming extinct with 
the settlement of the country, and the natural advantages of the place as a sanitarium 
and health resort, have since been recognized by the steadily luereasiDg crowds of 
visitors who annually visit the place. 

From these sesthetio points of view alone the value of the Yellowstone Park to the 
nation have amply repaid for all cost of maintenance. Its Advantages to the nation 
in the future has scarcely begun to be realized even by those most familiar with its 
charins and natural advantages. Notwithstanding all that may be urged in favor 
of a liberal maintenance of the Park based upon sentimental considerations, the most 
forcible argument for its preservation is an economic one far outweighing all others 
in benefits to the people. 

In ray opinion tne object of first importance in maintaining the Park is the con- 
servation and regulation of its water supply. By the natural configuration of the 
country the Park is singularly adapted as a catchment basin for the storage of water. 
It is doubtful if any region of the same extent in the arid regions or the Rocky 
Mountains offers so many favorable conditions for receiving, storing, and distributing 
through a few main drainage channels so large an amount of water. 

The Park is situated in the extreme northwest icomer of Wyoming, arid covers ah 
i^rea approxiiuately 50 by 40 iniles. The central portion of the Park is an elevated 
volcanic plateau between 7,000 and 8,500 feet above sea-level, with a mean altitude 
of 8,000 feet. The surface of the plateau isdiversified by nndnlating basins of varied 
outline cut by numerons deep canons and gorges. Strictly speaking, it is not a 
plAteau in the popular acceptation of the word ; at least it is by no means a level 
plain, but a rugged country presenting bold escarpments, the edges of mesa-like 
ridge^ Rising above this ]»lateau on the south, east, north, and northwest occur 
monnlwi rangeer whose culminating peaks tower from 2,000 to 4,000 feet above the 
inclosed table-land. 

The Gallatin Range shuts in the Park on the north and northwest. Spurs arid out- 
lying ridges of the Gallatin connect it with the Snowy Range, an elevated mountaiii 
maM which bounds the Park on the north and pours a large share of its water into 
the Yellowstone River. The Absaroka Range borders the Park along the entire east- 
em side and presents for more than 80 miles an unbroken barrier to all western prog- 
ress. It is an exceptionally rugged region with volcanic peaks and table-topped 
masses rising from 10,000 to 11,000 feet in height. Only a few adventurous hunters 
and mountaineers cross the range by one or two dangerous, precipitous trails, known 
to but few. The early trappers found it a forbidding land ; prospectors who followed 
them, a barren one. The Absaroka Range, however, furnishes one priceless treas- 
ure : fr )hi its western slope it sends numerous torrents into the Park, many of theih 
mnnisg directly into Yellowstone Lake. On the east side of the range an equally 
large water supply make up the Stinking Water and Clark's Fork, which ultimately 
flow into the Yellowstone Kiver. The Absaroka Range is intimately connected with 
the Wind Rtv^r Range, which shuts in the plateau on the south. To the westward, 
and separated only by the broad valley of the Upper Snake, lie the Teton Moantains, 
whose northern outlying spurs project into the Park. On the southwest side of the 
Park is situated the Madison Plateau, which stretches northward until it abuts 
against the southern end of the Gallatin. 

From this incomplete sketch it will be seen that the Park country, although a high 
table-land, stands relatively low to the rugged mountains which surround it on all 
sides. From this outer rim of mountains innumerable streams pour their waters into 
the Park. 

Across the plateau from the southeast to the northwest, but with a very Irregular 
course, runs tne Continental Divide separating the waters of the Atlantic from thos^ 
of the Pacific. On both sides of the Continental Divide and within a fbw miles of 
the line, lie a nulnber of large bodies of water which form so characteristic a feature 
in the seenery of the plateau that the region has received the appellation of the lake 
ooontry of the Park, Hundreds of smaller lakes lie dotted oyer the soxf^ filling 
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irref^alar deprsssionB in the lava flows or oocnpying shallow basins scooped out by 
glacial ice. Many of these lesser lakes are found as natural reservoirs hif^her up in 
the mountains, m addition to these are found numerous ponds, marshes, and mead- 
ows everywhere scattered over the country. So numerous are they that the mrater 
held by them adds a very considerable amount to the total water supply. Two riv- 
ers, the Yellowstone ana Snake, receive the greater part of this water, the former 
draining more than one-half the area of the Park and the latter the entire weBtern 
side of the Continental Divide. Falls River, a very considerable stream in the south- 
west corner of the Park, empties into Henry's Fork before its waters join tho main 
Snake River. On the north side of the Divide both the Madison and Gallatin drain 
large areas of the Park, the former, running westward, cuts through the Madison 
Plateau, while the Gallatin, although receiving none of its water from the Park 
plateau, still carries off a large amount of water precipitated upon the reservation. 
Both these latter streams unite with the Jefterson in Montana to form the Missouri. 

Let us examine a little more clesely into this water supply. I can not do l>etter 
than to quote from an article on uie physical features of the Park which I published 
not long since. 

'' TeUowstone Lake, the great reservoir for the river which gives its name to the 
Park, is a body of water of great beauty, measuring 20 miles in length, with a breadth 
across its greatest expanse of 15 miles. It has a very irregular outline, with an 
indented shore of nearly 100 miles, and an area of 140 square miles. Not only is the 
Yellowstone by many times the largest lake in North America at so high an elevation 
above sea-level (7,741 feet), but itranks among tho hrst in the worldat high altitudes. 
Upon the western side of the Divide, less than 6 miles from the Yellowstone, and sep- 
arated from it by a ridge not more than 200 feet in height, lie Shoshone and Lewi^ 
Lakes ; the former with an area of 12 square miles, and the latter 4| square miles. 
Heart Lake, at the eastern base of Mount Sheridan, measures 3 square miles. These 
three smaller reservoirs pour their waters into the Snake, which also finds its source 
near the southeast corner of the Park. 

*' In the autumn of 18U6, with a view of obtaining some data upon the amount of dis- 
charge, the largest bodies of water were accurately measured. Not only was the 
time selected the driest period of the year, but all lakes and streams stood at a 
lower level than at any time during the previous five years. Yellowstone Lake 
stood 20 inches below the high- water mark of early summer. The measurements may 
be said, therefore, to have been taken at the minimum discharge. Measured just below 
the outlet of the lake the discharge of the Yellowstone River was found to bo 1,525 
cubic feet per second, or, in other words, 34,000,000 imperial gallons per hour. The 
out-flows from Shoshone, Lewis, and Heart Lakes combined yielded 104 cubic feet per 
second. The Lamar, Firehole, Gibbon, and Madison Rivers were gauged, uffi oare- 
fnl estimates made of the Gallatin and Falls Rivers, based upon the size an^iow of 
the streams and the area of the country drained. According to estimates of Dr. 
William Halloek, of the U. S. Geological Survey, who kindly undertook the ganging 
of the streams, it was found that the minimum discharge was equal to 1 cubic foot 
per second per square mile over an area somewhat more than 4,000 square miles, and 
that the amount of water running into the Park and leaving it tlu-ough the five 
main drainage channels would make a river 5 feet deep and 190 feet wide, with a 
current of 3 miles per hour. While this may not indicate a larpe supply as com- 
pared with certain highly favored areas, yet it is for the arid region of the West an 
exceptional amount. " 

While there are many conditions governing both the amount of snow and rain fiUl 
in the far West, two important factors arc found in the Park region which influence 
in a large measure the precipitation of moisture. These are the great elevation of 
the culminating peaks surrounding the Park, and the exceptional broad mountain 
mass. From Madison Valley eastward across the Park and the Absaroka Range the 
country attains an elevation unsurpassed by any area of equal extent in the north- 
ern Rocky Mountains. For 90 miles in an east and west line the country rises in a 
solid block far above the adjacent country, admirably situated to act as a condenser 
for the moisture-laden clouds. Meteorological records taken for a number of years 
show a climatic condition nnlike that observed elsewhere in the Rocky Mountains, 
the amount of snow and rain fall being higher and the mean annual temperature 
lower. Rain-storms occur frequently throughout the summer, while snow is quite 
likely to fall any time between September and May. In an arid region and one of un- 
equally distributed rain-fall, forests and moisture maintain reciprocal relations. The 
abundant precipitation over the Park exerts a favorable influence upon forest ^^wth, 
84 per cent, of the area being timber- covered. This forest in turn protects the snows 
and marshes' from the intense heat of the sun and the dry westerly winds. By means 
of this protection the deep snows of winter lie upon the plateau well into midsum- 
mer, while at still higher altitudes in sheltered places it remains througrhout the 
year, slowly supplying the springs and streams. 
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By its topographical stracture the Park is designed by naitare as a reservoir to col- 
lect an exceptional water supply. By its geological structure it is well adapted to 
store this water, both on the surface and in the deeply buried rocks. From beneath 
the lavas of the plateau numerous streams and underground springs pour their waters 
into the lakes and out upon the land surfaces. 

For these reasons the present area should be enlarged to the east and south so as to 
take in a dense forest region useless for agricultural purposes and destitute of min- 
ing resources, but embracing a rough, mountainous country abounding in streams — 
the real sources and feeders of Snake River, Yellowstone Lake and River. The area 
proposed to be added to the Park would extend the boundaries about 25 miles to the 
eastward and 9 miles to the southward of the present ill-defined limits which were 
established at a time when the region had been but little explored. The proper con- 
trol and distribution of the water is a necessity to the people of Montana, Dakota, 
'Wyoming, and Idaho. The protection of the forests, game, and marvels of the res- 
ervation should be the desire of every one looking to the welfare of the country. 
The interests of the Park should be zealously guarded by the nation. 



REPORTS ON IRRIGATION 



CONSULS OF THE UNITED STATES. 



CORRESPONDENCE WITH STATE DEPARTMENT. 



United States Senate, 
Waskington, D. C, April 23, 1889. 
Sib : Eefeiriug to yonr letter of the 2d instant, ia which you state 
that " our consuls will be instructed to prepare reports covering snch 
phases ofthesubject (namely, irrigation) as you ma; be good enongh to 
intimate," I inclose herewith a draught of a letter which if you will have 
sent to OUT consuls in the countries mentioned in the inclosed memo- 
randum where irrigation is practiced, will greatly oblige the Senate 
Committee on Irrigation and Reclamation of Arid Lands. 

Please forward all reports received by yoa to Mr, B. J. Hinton, En- 
gineer, U. B. Geological Survey, Washington City. 
Yours, respectfolly, 

Wm. M. Stbwakt, 
Chairman Committee on Irrigatioii, et€. 
The Seoretabt of State. 



DRAUGHT QY LETTER IN REGARD TO IRRIGATION TO BE SENT TO CONSULS. 

Washington, D. C, April 23, 1889. 
The qnestioQB connected with irrigation and the reclamation thereby 
of arid lands are now attracting public attention. Congress has recently 
made appropriations for surreys of reservoir sites, ditches, canals, etc., 
and the United States Senate has created a special committee to thor- 
oughly investigate the general questions involved. The Department, 
in response to an inquiry from t^e special committee, desires to aid in 
its investigations, and therefore requests as early as practicable a report 
on the subject of irrigation as practiced in the couDtry in which you 
are stationed. Tour inquiries should be directed in the main to the fol- 
lowing points : 

(1) Areas of land under irrigation ; compare with the non-irrigable 
and cultivable areas when possible. Also quantity and quality of crops 

(2) Sources of water supply, whether from rivers, streams, springs, 
lakes, wells, reservoirs, catchment basins, or tanks, etc. 

(3) Character of works used for storage and distribution of water. 
Forward published reports, if obtainable, in regard to any important 
irrigation and storage works. 

Ji) The system of water distribntioo, whether governed by laws, 
es and regulations, or customs. Give dnty of water per acre, i. e., 
the amoimt used per acre and per season, the cost or rental to user ; 



tennre of ownership of water, and whether the same be public or pri- 
vate, Datioual or community. 

(5) Character of climate in irrigated region and nature of soil, an- 
nual raiQ'fall or other precipitation. 

(6) Antiquity or otheiwiseof irrigation systems within the section 
treated of, and whether the same are maiutaiued at public or private 
expense. 

The Department desires to obtain maps and any publications obtain- 
able bearing upon this subject for the use of the Senate committee. 

The committee states that it desires to place itself in commnnication 
with competent experts and authorities on irrigation. These investi- 
gations ehoald be conducted diligently, and reports made as early as 
possible. 

MEMOEANDtna FOE DISTEIBTJTION. 

All Asiatic countries: Egypt, Tripoli, Tunis, Morocco, Algiers, Sene- 
gawbia, Orange Free State, Colonies of Cape of Good Hope and Natal, 
IMadagsscar, etc. Also, Madeira, the Azores and other islands, the 
Australian Oolonies, Hawaii, South and Central American Eepublics, 
the Bmpire of Brazil, Mexico, and European Colonies of South America. 
The principal countries of Europe in which irrigation is practiced are 
France, Italy, Spain, Portugal, Holland, Turkey, Creece, Austria} also 
Kussia in Asia. 



A part of this section of this large and rich State is irrigated from 
springs which generally rise in the mountains ; the water is carried in 
many cases and often mauy miles from these springs to level, fertile 
land by means of narrow ditches. Other parts of this State, the lauds 
can not now be irrigated on account of do water, and the total absence 
of the necessary implements for boring and the proper practical labor 
to accomplish the required result. Where there are springs the water 
should be carried through irou lubes; farther away from here, where 
there are no springs, but "haciendas" of importance, the artesian 
well, it seems to me, is what is needed. I would advise manufacturers 
in the United States who desire to build up a trade of this kiud to do 
so with a direct representative who speaks the language, establlshiog 
an office centrally located in the ilepublic, where attention may be given 
to the wants and demands of such a trade. 

Water is worth a great deal more than land in this country, and the 
right to use it is fixed by laws. Much good land is not used because 
of lack of water, and to depend on rain in some parts is too much of » 
risk. With a good water supply much of the rich soil of this State 
would produce abundantly of nearly all kinds of products, which at 
present are not enough te support the population. 

There are very few windmills used at present in this State, though 
I think they might be successfully used, for the reason that good wind^ 
blow nearly all the year. There is considerable water-power unused, 
which, according to law, can be acquired by denouncement. If aspriug 
of water rises in the property of any one, the owner of the properc; 
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also ovns the spring. Rivers are owned and controlled by tho State 
throQgh which they pass. Bights and privileges to pnblio waters are 
sold by the State. 

The system of water distribotion is as follows and is geDernlly ac- 
quired by purchase: A. stream of permaueot water is called thirty dnys 
' of water and the owner may sell the right to auy one to use thiN water 
for any length of time; say, for example, one day in every itiuutti, 
which is called one day of watw, worth very often as high as :^1,UU0 
per day. It is an nnderstood right between all land owners that parties 
owning any right or privilege iu the water can pass same to their laud 
throngb the lands of adjacent owners by means of narrow ditches. 
This system often canses many difficnlties, particularly when the owuer 
of a day or two of water dies and leaves some fifteen or twenty Leirs, 
each of whom receives his share in hours, being an equal division under 
the same right of the day or two of water inherited. The formation of 
artificial lakes has already awakened attention, and a foreign company 
of capitalists agitates at piesent the question of making a lake with 
the waters of the Bio Grande, to be used for industrial and agriciilt- 
orai purposes. This project, however, involves difficulties, arising 
ftom its intematiooal character. 

REPORT BT n. 8. CONSnL A. WILLARD. 

United Statks Consulate, 
Ouaymas, Mexico, Avgust 14, ].S8i). 

TTp to the present time the lands cultivated in Sonora (this consular 
district) are confined to the bottom or valley lands on the small strijains 
and rivers. 

For the purpose of irrigating said lands dams of simple construction 
of stone and earth, or brash and earth, are erected on the sides or iu 
the streams, and ditches are dug lo convey the water to the lauds cul- 
tivated. These dams, as a rale, require repairs and some reconstruc- 
tion each year. 

The ditches require cleaning and repairing yearly, but are not e.xpou- 
sive to maintain. 



The system of irrigation has beoome very generally practiced in va- 
rious portions of this republic, having been in vogue more or le^s 
evejr sintje the days of the conquest of tiie country by the SpaniaiiLs in 
ld2L 

It may be stated as a general proposition that the natural snpply of 
vata: in Mexico is very limited as compared with that of other conn 
tries. The traveler in this republic notices the great scarcity of river.s, 
ranning streams, lakes, and springs. In the mountains of the cuiinrry 
many small streams take their rise, but soon after reaching the iihiiiiH 
tfaey become absorbed in the sandy soil and sink iuto the gioitixi. 
Again, in Mexico during the rainy season there is a great abiimhtii'i.- 
of water (said rainy season may be stated, iu a general way, as e\i< rul- 
ing fi-om June 1 to October 1), bat for the remainder of the ye;ir tJio 
zaiD-f^l is very scant, water becomes very scarce, and the whole cuim- 
tiy becomes very dry, except in the regions along the sea-board (the. 




Pacific OceftQ, the Gulf of California, tbe Gulf of Mexico, etc.), in 
■whicli localities the dews are. very heavy and refreshing showers moch 
more fraqaent thau in the upland regions. 

I will now take up the six points of interrogatory mentioned ia your 
circular, and incorporate in my replies the information obtained &om 
the said department of public works and from othpr soiircea : 

(1) "Areas of land nmler irrigation; compare with the non-irrigable 
and cultivable areas when possible, and quantity and quality of crope 
grown." 

Answer. The department aforesaid assured me that they had no 
statistics npon which to frame an answer to the first part of this ques- 
tion, and that it would take months to collect tlie iuformatiou in proper 
shape. 

^e principal crops grown here with the assistance of irrigation are 
sugar, coffee, corn, wheat, oats, barley, beans, cotton, and tobacco ; 
also oranges, bananas, and other fruits. Without irrigation, except 
Dear the coast, the yield would he very meager ; with irrigation said 
crops are excellent, and will compare favorably with those of other 
oouDtries, especially when consideration is had of the primitive agricult- 
ural implements nsed and the inefficient cultivation as contrasted with 
that practiced in the United States, England, France, and Germany, 

(2) "Sources of water supply, whether from rivers, streams, springs, 
lakes, wells, reservoirs, catchment basins, or tanks, etc." 

Answer, The water supply for irrigating purposes is drawn princi- 
pally frotu rivers, streams, and natural lakes. In some instances bold 
springs gush from the earth and furnish a constant, never varying sup- 
ply for irrigation of thousands of acres, as in the case of "Atlaeomulco," 
in the State of Morelos, a large, beautiful " hacienda," or plantation, at 
one time owned and operated by Cortez, the Spanish conqueror, aod 
Btill belonging to decendants ; on the hacienda of " Coakiustia," one of 
the finest sugar plantations in Mexico, near the city of Cautla. Some- 
times also large dams of solid masonry are constructed at great ex- 
pense, which, however, form large reservoirs of water during the rainy 
season, and which during the remainder of the year furnish the neces- 
sary supply for irrigation. Artesian wells supply some of the water used 
for irrigation ; also wells from which the water is raised and poured 
into the irrigating canals by means of windmill pumps and buckets at- 
tached to an "endless chain," which are kept in motion by mule or 
horse power. 

(3) "Character of works used for storage and distribution of water. 
Forward published reports, if obtainable, in regard to any important 
iFrigatlon and storage works." 

Answer. The works nsed for storage and distribution of water con- 
sist of dams constructed so as to elevate the level of the water in 
streams and rivers where they can not be tapped by the aqueducta 
and irrigation canals at sufBcient elevation to reach the destined fields 
of cultiva<tiou ; also large reservoirs are formed, as above stated, through 
the instrumentality of massive dams, generally of stone masonry, the 
water being collected during the rainy season and held for use when 



(i) "The system of water distribution, whether governed by laws, 
rules and regulations, or customs. Give duty of water per acre, i. e. 
the amount used per acre and per season, tlie cost of rental to user, 
tenure of ownership of water, and whether the same be public or pri- 
vate, national or community. 
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Answer. As a part answer to the foarth interrogatary, the depart- 
meat of public works handed me a copy of the decree of June 5, l.SSS, 
vhich I herewith have the honor to inclose, accompanied by a trausla- 
tion of the same into English. 

Each State of the Bepnblic has its separate laws and regnlatioiis re- 
garding the distributiou of water. The dntyot water per acre, or the 
amonntnsed per season per acre, varies according to thequalityof the 
soil, climate, and plants under cultivation. Moreover, the cost of water 
is generally inclnded in the rental paid for the lands, which varies ex- 
ceSiiiigly in different places, according to the peculiar clrcumstauce at- 
tending each locality. 

The ownership of the water is both public and private, but generally 
tbe latter, as the water privileges, being considered of quite as iiiii(;lt 
value as the land itself, have in many instances been transferred or 
transmitted by inheritance along with the title to the land. 

(6) " Oharaet«r of climate in irrigated region and nature of soil ; iin- 
oaat rain-fall or other precipitation." 

Answer. The climate of the irrigated region in this country corro- 
sponds to the climate of the different States of the Republic, as iu all 
of them there exist irrigated lands, with this general statement, )iow- 
erer, that on and near the sea-coast the climate is much warmei' itiid 
the rain-fall much greater than on tbe table-land and in the mouulaiii 
districts. 

As a further answer to this question, the said department of piiUlLc; 
works furnished me with a copy of the geographical, statistical, and 
descriptive study of Mexico by A. Garcia Cnbas, special attentiou being 
called to the seventh and eighth chapters, relating respectively to hy- 
drography and agriculture. 

The nature of the soil embraces every variety known to the connlry, 
from the light, sandy soil of the table-lands to the rich, dark alltiviiU 
of the valleys and the fertile, black loam of " the tierras calienti's " — 
tbe hot countries. 

In regard to the annual rain-fall, said department handed me the leti th 
unmber of the monthly bulletin of the meteorological, magnetic, c.i^u- 
tral observatory of Mexico iu which is published a report on the laiu- 
fall in difterent parts of the Republic, running through a nnuibi r of 
years; also a table containing a comparative r6sum6 on the snbjei^t for 
the years et seq. to 1888, and both of which, in deference to the reijiiest 
in said circular, I have the honor te herewith trauamit — 

(6) Antiquity, or otherwise, of irrigation systems within the section 
of, and whether the same are maintained at public or private extniise. 

Answer. The antiquity of the various systems of irrigation in Mexieo 
varies with the different localities, they having been constructed :irid 
put into operation not simultaneously, but at different epochs, a.s t lii; 
different sections became more or less cultivated by intelligent-, l;ibor 
and the necessity of irrigation became apparent. As a general propo- 
sition, however, it may be stated that said systems date all the way 
from the early part of the sixteenth century when the Spaniard» took 
possession of the country, introducing their splendid system of irri- 
gation as rapidly as they began tbe cultivation of the various loeul- 
ities. 

Tbe department of public works further assures me that none of said 
irrigation works are maintained by public funds. 



[DepArtraent of public worka, oo1oDizBtion,indQHti7,BiidDOiiimeroe. Third •Botion.] 
The PraBideat of the Bepnblic has thought fit to direct to me the foUowiog decree: 
PorfirioDiaz. oonaticntioiial President of the United Statee of Uezico, to itsiiih»bl- 
tantB maiitUi known : 
I ' That the ConKTesa of the Union has decreed the fblloWing: 

Ahticlb 1. There shall be considered aa general, public bigbwaf s, besides the in- 
land roads, railways, etc., to the effisotof section 23, article 72 of the oonetitution, ttu 
following: 

The territorial seas, marshes, and iaKOona situated on the beo-onaBt. Canals con- 
etrncted by the Government or by means of pnblio money. Interior takes and rivere, 
if navigable. Whatsoever lakes and rivers aitnated and serving as bonndary lines 
between this Republic and other foreign nations or between two States. 

Article 2. The Federal Execntive has the power and right to look after the afbre- 
named pnblio roailways and to regulate the private and pnblio ase thereof, Moording 
to the following hasia : 

A. The towns sltaated onthp seashore or banks of a river shall have the gratnitons 
use of the water necessary for all domeatio purposes of its inhabitants. 

B. Tbere shall be respected and conGrmedthe rights of private Indivldaala relating 
to the nne and profit of rivers, tukes, and canals, providing that said rights Mmsst 
in lawful titles or civil prescription exceeding ten yeara. 

C. Tt>e ooncesBion or attestation of rights or titlea to private parties on the Iskee, 
rivers, and oanals relating to the present law, can onljr be made by the department 
of public works, excepting the case where said concession shall cban^ or threaten to 
change the course of thu rivers or canalo aforenamed, or should deprive of tbe noe of 
their waters tbe inhabitants living down the atream. 

D. The rights of fishing and pearl-dlvipg on tiie territorial » 

profits of marshes and lagoons sitaated on the sea-shore o 

shall be regulated specially by the execntive power. 

Articlx 3. All transgressions of the law comprised in the ooOtteiM jiuladietlon 
committed on inWrior lakes, canals, or rivers, aa welt u the oontroverBie* tbat may 
arise between private individuals, relative to obeying the atatates inned by the 
department of pablic works, shall beanbmitted to the competent local jurisdiction. 

Mkxico, Mof as, 188S. 

Miguel Costellanoe Sancbes, senator president; Lais C. Cariel^d^nt^ president; 
Guillermo de Landa y Escandon, senator secretary ; A. Elba y Eohevemo, depu^ 
secretary. 

Therefore, I order it ahall be printed, pnblished, and circulated, tad that dde eom- 
pliance shall be given it. 

Signed in the palace of the execntive power of the Union, in the City of Hexloo, on 
this 5th day of June, 18ti6, Profirio Diaz. For Gieueral Cartes Pacbeco, secretary of 
State, and the department of public works, colonization, iiidustry, and commercs. 
I recommend it to you for your knowledge and oorresponding <ifforts. 

Liberty and constitution. 

Mexico, Jnne B, 166a. 

Facrkco. 



Before answering the qaestions propoaoded in yonrcireolarof Hay2 
it would be well to enamerate Id brief tbe reaaons whiefa teoder in^a- 
tion m tills eonsalttr district almost nnnecessary. I say " almost nnnec- 
essarj' " betsause all tlie crox>s, eucb as sugar, cocoa, coHee, plaatAinii, 
and otber crops of minor importauoo, are dependcDt on the cbangea of 
rainy and dry seasons iu this tropical eiimate. This consnlar district 
is well watercil by rivers and small streams which irrigate the ritdi and 
deep alluvial soil under cultivation. Thelargest river, the Canto, whieti 
finds its source in the Sierras del Cobre, a mountain range to the west- 
ward of tliie city, and after a tortuoiis and wiadiog course daring whicli 
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it receives Tsrions tribataries, empties into the sea 14 miles north <if the 
town of Hanzanillo. Tbia rirer, cboked ap at its month by drift- wixxl 
and sand bars, is about 180 miles long, of which 60 are navigable. Cap- 
tain Creneral Salamanca has caased studies to be made in view of lot tti- 
inff a plan to make the month of the river iiavigable, thus opening ;i 
■water-^JOtt^Ke which traverses some of the most fertile districts ol' iliis 
province. The Canto, with its tributaries, oonstitates the water «> ^um 
of the sonth coast of Uiis province. Between the Capes Maisi and ('m. 
the coast lino is very moontainons and only small streams find tluii- 
way to the sea. 

The north coast is full of larger and smaller rivers which flnt! tlioir 
way into the nnmeroDs and large bays. Ifotably the Mayari, Naranjo, 
etc. So artificial irrigation has as yet not become a necessity f^trppt^ 
iug, to my knowledge, only in one instauce. Messrs. Brooks & Co . an 
English Sim here, owning asngarestateonthebayof Gnantauamoaiid 
called "Los Canos," have been compelled, owing to the curious fact rliat 
although sufficient rains fall near and around theestate very little tails 
on its territory, to introduce an artificial system of irrigation. This 
system of open ditches irrigates about 10 caballerias (333\ aen's) of 
cane fields, and as just commenced I cannot give yon the results. The 
water for this system is procured from the Onantanamo Biver, whu'lt is 
dammed above the area irrigated and the water distributed by a s.^ »tem 
of canals. The system was instituted after the necessary permission 
was obtained from the Spanish Government; is a private enter|irisc, 
and pays neither rental nor taxes. 

The amount of water used per acre depends on the rainfalls of ihe 
rainy season and can not be estimated, as the work has just comm<>tiet>d. 
The character of the climate is tropical and the annual raiu-falt, in (ho 
absence of all scientific observation, I would estimate at 45 inches. 



CENTRAIi A3IEBICA. 

REPORT OF U. S. CONSUIi-GElTERAI. JAMBS F. HOBltfBR, O-nATB- 
MAI.A, ON IRRIGATION THBRBIN. 

In reply I beg respectfully to state that there is no system of \ 
distribntion for arid lands in Guatemala. 

The practice of irrigation, in the very limited extent to which i 
• tains, is that of ordinary ditches fed from the nearest water sourci-. 

REPORT OF tr. S. CONS0I. CHARLSS H. WILLB, OF AaNAGUA. 
KICARAGUA, ON IRRIGATION. 

There is not, nor has there ever been, as far as I can learn, any s^s- 
tem whatever of irrigation. 

Wear Nandaime, a small Indian town in the department of Rivits, 
three cacao (chocolate) estates are partially flooded in aprlmitiv(> way 
by their owners from small rivers or streams being dammed to ta 
the water to fiow over the plantations, which are below the Btroa 
^0 s^st^ip is practiced. 
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SOUTH AMERICA. 

REPORT OF WINFIBLD S. BIRD, U. S. CONSUL, LA GUATRA, ON 

IRRIGATION IN VENEZUELA 

The subject of irrigation, to which the attention of consular officers 
is directed by circular instruction from the Department of State, dated 
May 2, 1889, is one upon which very meager information can be fur- 
nished from Venezuela; for although, in a crude way, irrigation is 
practiced to some extent, yet there are no available statistics to offer in 
reference to the areas of land under irrigation, and no means of com- 
paring these with the non-irrigable and cultivable lands. Of the small 
area of cultivated lands in this consular district, exclusive of those 
planted in coffee, perhaps the greatest part is devoted to sugar-cane ; 
and, from personal observation, it would appear that the crop generally 
needs more cultivation and irrigation than is usually given it. 

The small streams coming down from the mountains form the onl^ 
supply of water for the purposes of irrigation, and in a tropical climate 
like this the volume of water is so often reduced during the long and 
hot summer season that the supply proves inadequate, and conse- 
quently the crops sufier to a greater or less extent. The present sea- 
son has proved quite disastrous in this respect, so much so that crude 
sugar, usually sold at 10 cents per pound, is now worth 25 cents per 
pound. The importation of cane products being prohibited by law, it 
seems that the use of sugar and its compounds, so general in this cli- 
mate, must be greatly curtailed, and, to many of the poorer classes, en- 
tirely cut off. 

The character of the works used for the storage and distribution of 
water are of the simplest description and consist of ordinary dams and 
trenches. There are no irrigation and storage works of any importance, 
every process of this nature being conducted upon the most inexpensive 
and antiquated plan. It is no doubt true that even the Ohinese are, in 
this respect, far in advance of these people in the various appliances and 
processes for irrigation ; and it is equally true that if a more careful 
and provident system were adopted, much of the water that now goes 
to waste might be utilized for the reclamation of arid unproductive 
lands. 

The system of water distribution is governed, according to the best 
obtainable information, by custom only, although there are some stat- 
utes in reference to it that, by common consent, have fallen into disuse. 
The unwritten law is that each person shall have the right to water 
on a stated day for a certain length of time, when he must close his 
flood-gate and again await his turn. Under such an arrangement, there- 
fore, it is evident that the amount of water used per acre and per season 
and the tenure of ownership, etc., can not be intelligently stated. 

Everything connected with the subject of irrigation in Venezuela is 
of such primitive character that it can be of no special interest in the 
elucidation of plans and processes for use in the United States. ISo 
maps nor publications with any reference to it can be obtained or even 
heard of, and it appears that the subject has never received the slight- 
est degree of the attention that its importance to the agricultural iu« 
terests of the country so seriously demands 
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REPORT OF O. McGARR, U. 8. CONSUL-GENERAL. GUATAQUIL, ON 

IRRIGATION IN ECUADOR. 

(1) A very small quantity of land is under irrigation in Ecuador, not 
the thousandth part of the cultivable land. No grain crops are grown 
on irrigated land, which is used only for pasturage and for raising 
alfalfa in small quantities. An infinitesimal part of the arid region, 
which is extensive in i^orthem Ecuador, is under irrigation. 

(2) Small rivers, mountain streams, and springs are the source of the 
water supply. There are no basins, reservoirs, or tanks used. 

(3) There are no works constructed for the storage of water. Its 
distribution is by ditches. No reports on the subject have been pub- 
lished in this country. 

(4) The system of water distribution is governed by custom, except 
In the few instances where .water is carried over the land of adjoining 
proprietors. In such cases the law regulates and defines the rights 
and duties of the owner of the easement and of the servient estate. I 
have no means of ascertaining the amount of water used per acre or 
per season. It is not measured and it is not rented. The water used 
for purposes of irrigation belongs to the individual land owner using 
it. There is no national, municipal, or community ownership. 

(6) The climate is that of the winter- Andean region with an average 
maximum temperature, with shade, of 62 to 68 degrees, the average mini- 
mum being about 54 degrees. In some localities the soil is a sandy loam 
and in others a dark, heavy clay, and very deep. The rains are ordina- 
rily confined to the months between the middle of December and the 
first of June, and are quite copious in most seasons. I can not state 
annual rain-faU. 

(6) Under the Spanish rule there was something of an irrigation sys- 
tem, regulated by laws, and at the time of the Conquest there was a 
better and more extensive system than has existed since. That now in 
use is maintained entirely at private expense. 

REPORT FROM J. GRIERSON, U. 8. CONSUL, OOQUIMBO, ON IRRIGA- 
TION IN THE PROVINCE OF COOTHMBO, CHILL 

I 

This province is in a very backward and primitive state as regards 
cultivation and irrigation, on account of the country being very barren 
and mountainous, the only cultivation being along the valleys running 
down between the mountains which convey the snow-water from the 
Cordilleras. Hay and barley are the principal productions, the former, 
when green, being eaten on the ground by cattle. 

Water is supplied by canals or large ditches cut at different places 
from the rivers of snow-water, as mentioned above. Each canal, 
from its leaving the river until it reaches the sea, belongs to the owners 
of land along the upper part of which the canal flows. 

Fo works are made for stowage of water. When the river is full the 
sluice doors to the canals are open all the time, and water is sup- 
plied in abundance; but in years when there is little snow on the 
mountains, and consequently the river low, the sluices are opened, as 
arranged by the canal committee. 

Each canal has a president and a committee, elected from the cursors^ 
who superintend repairs, allowance of water, etc. The value of a farm 
depends on the number of inches belonging to it ; each proprietor of 
land can buy or sell any or all the number of inches of sluice he has a 
right to draw from the canal, each inch being worth about $3,000 (gold) 
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anu 18 lue asnie aa raugiuie pi-u[t«ri.Y, j*. biui(»;-w)iii ah lu ^.u muuca 
maki-8 a good farm worth about «3,0UD to $-l,UOO yearly. 

Tbe climate is good and very mild. Up the valleys grapes, oraDges, 
aud pears grow well, aud by irrigation five crops of liay may be cut 
yearly. From 1873 to 1880 the rHin-fall was only 3J^ inches per year; 
latterly, with iiiterniiasious, it has been about 7 inches yearly. 

The rivers are, of course, under Government control, but the canals 
are private property and from time immemorial have been superin- 
tended aud kept in order by their owners. Every town, however, ia 
entitled to a jiroper proportion of water. 



No systematiii irrigation exists iu this colony. The need of it is felt 
when the dry seasons ait! protracted beyond their ordinary limits, but 
iu such cases the only methods employed to water the crops are of the 
simplest and ■most primitive description — by manual labor, without the 
aid of machinery of any sort. The system of drainage, however', aud of 
the employment of artificial water-ways for the transportation of 
produce and plantation supplies is elaborate, costly, and extensive. 
Although not strictly pertinent to the information sought by tbe De- 
partment, the subject is somewhat akin, and a brief account of it may 
not be irrelevant. 

In order to understand the cooditious, it must be borne in mind that 
the rich agricultural region of the colony consists in general of the low- 
lands adjacent to the sea-coast and the tidal parts or' the larger rivers. 
These lands are several i'eet below the level of the highest tides, for 
which reason it is necessary to protect them from overflow by a con- 
tinuous line of embankments, or "sea-dams" as they are termed. 

This cultivable region extends back from the beach anrl the banks of 
the lower rivers to a distance varying (by a rough estimate) from 2 to 
5 or 6 miles, when it meets what is termed, in the language of the 
colony — perhaps not very correctly — "the savanna" or "bush "lands. 
This is a belt of country between the rich coast lands and the hills and 
forests of the interior, slightly moi-e elevated than the former but lower 
than the latter, partly open and jiartiy covered with trees, vines, and 
shrubs, but everywhere abounding in swamps, ponds, and creeks of 
fresh water. 

The estates of the colony are laid off on the plan adopted by the 
original Dutch settlers and still existing in its main features. They are 
divided by parallel lines, approximately peri»endicular to the line of 
coast, and forming long, narrow, and somewhat irregular quadrilate- 
rals, which would be parallelograms but for the sinuosities and irregu- 
larities of the coast line. The unit of measurment of distance is the 
Bbyuland rood, still in habitual use, of 12 feet 4 inches. The original 
width of each grant was 100 roods, or nearly a quarter of a mile, and 
the length or depth from the sea-dam 750 roods, or about 1| miles. 
Such is at this time actually the extent, inland, of the only lands owned 
in fee-simple, though many of the estates have been extended toward 
the " savanna," or including parts of it, by grants of possession and 
occupancy at the pleasure of the Crown, suppose<l to be practically 
etpiivalent to ownership. Many of the original estates have also been 
united and some of them divided, though the regular parallelism of 
their side boundaries is still maintained. 

In order to protect these estates from overflow in the rainy seasons 
by the waters of the swamps, ponds, and streams of the "savanna," 
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" back -dams" aie erected in the rear of the cultivated area. Oq the 
lines of division between the estates canals or trenches are dug for 
drainage, the earth thrown out from tWo constituting material for 
embaukments, known an "sidelino dams," which also serve as road 
beds for walking or riding. Smaller cross-drains connect with these 
side-line trenches. 

Besides the trenches for drainage, another system of trenches or 
canals is employed for the internal navigation of the estate. For this 
purpose a canal is generally dug through the estate, the excavated earth 
forming alongside of it an embankment known as the "middle walk." 
Gross canals extend transversely from this toward the boundaries of 
the estate but stopping short of them, so as not to communicate with 
the sideline or drainage trenches, the terminus of the navigation cross- 
canal forming a sort of cul-de-sac. These canals are used for the trans- 
portation, by fiat-bottomed barges or " punts," of the crops, fertilizers, 
etc., in one direction or the other. 

These canals are sapplied with fresh water from the swam ps, creeks, 
ponds, and in some cases artificial reservoirs of the "savanna," the 
water being admitted and the supply regulated by means of water- 
gates, or "kokers" as they are termed, in the back-dams. Stronger 
and more elaborate kokers are employed in the sea-dams, wJiich are 
opened at low tide to permit the discharge of the drainage and other 
fresh water, and closed at high tide to hinder the influx of the sea water. 

The coast lands of the colony consist of a stifl' clay, interspersed with 
veins of sand and covered with a superficial layer of vegetable mold or 
" pegass." The clay being impervious to the percolation of water is 
very favorable to rapid drainage from the surface. 

The chief staple is sugar, though there are some cocoa-nut planta- 
tions, and in certain parts of the colony large estates, or *' cattle-farms," 
are devoted to pasturage. 

I have spoken of artificial reservoirs. The advantages of these in 
regulating the varying supply of fresh water during tbe wet and the 
dry seasons are obvions. Besides those already existing, others are 
projected on a still larger scale. 

The cost of the works required for drainage and the supply of water 
to the towns, villages, and estates is assessed on the propnetont and 
others interested, though they are controlled and regulated by the 
Government. The money is frequently advanced by the Government 
with the understanding that it is to be repaid by taxes on thi; property 
for the benefit of which it is expended. This, of course, does not apply 
to the works undertaken by proprietors for the special benefit of indi- 
vidual estates. In some cases, also, participation in the bntdens and 
benefits of public or corporate enterprises is to some extent o])tional 
with the individuals interested. 

The climate of the colony is torrid, but remarkably uniform, the ex- 
tremes of temperature being about 73 and 90 degrees Fahr. The aver- 
age is about 81 degrees. The average annual raiu-fall is estimated at 
about 100 inches. 



I am in receipt of the circular of tbe Department of State of the 2d 
of May last, stating that the question of reclaiming the arid lauds of 
the United States is now attracting tbe attention of our Government, 
and instructing me, in aid of its inquiries, to report on the subject of 
irrigation in the Argentine Bepublic, and eBpecially directing my at 



tention to the areas of laad under irrigation, the sonrces of the water 
supply, the nature of the worksf the Bystem of diHtribation, the char- 
acter of the climate, the annual rainfall, the antiquity of the workB, etc. 

AHTIQUITT OP ISBIGA^TION IN SOUTH AMEBICA. 

In regard to antiquity, I have to say that the artificial watering of 
the earth to increase its fruitfuluess is of so remote an origia iu South 
America that its history is quite unknown. It has been generally as- 
sumed that tLe practice had its beginning in the Orient; and we know 
that in the days of ths patriarchs various contrivances for flooding the 
fields and meadows were in general use. It was not,however, until the 
end of the seventeenth century that water meadows were constructed 
in Europe upon anything like a scientific system; and only towards the 
end of the eighteenth century that any great improvement took place 
in this branch of agriculture. In South America, on the contrary, it is 
evident that a scientific system of flooding, which consisted iu spread- 
ing a sheet of water over cultivated fields in such a manner that it 
could be readily withdrawn was not only practiced by the aborigines 
of the country from the most remote periods, but that it was done with 
an amount of precision and knowledge which even to this day are 
matter of wonder to those who inspect the remains of their works. 

It seems hardly possible that tbe natives of Peru and Bolivia, and of 
the eastern slopes of the Andes, which now constitute a part of the 
Argentine Republic, could have acquired their skill from the nations of 
antiquity beyond the Atlantic ; and hence we are at a loss to understand 
how such a people, without a long-previous civilization, far in advance 
of their condition when their Spanish conquerors arrived, could not 
merely have solved the problem of the artiflcial watering of the land to 
increase its productiveness, butconstrncted aqueducts and reservoirs to 
that end, on such an immense scale and in such an eudaring manner 
that they have defied the changes and vicissitudes of annumbered cent- 
nries. When they were built we do not know; bat their remains 
abundantly prove that the inhabitants from an unknown date were 
well versed in many of the ways and means of civilized life ; that they 
pursued husbandry and practiced agriculture on scientific principles, 
and that, in deQance of the general absence of rain, they succeeded in 
providing bountiful harvests even on the precipitous sidesof the sterile 
sierras. The historian of the conquest of the country refers to the knowl- 
edge of agriculture possessed by the primitive inhabitants and the won- 
derful works of irrigation constructed by them in such a manner as to 
prompt me to make a quotation from his pages. He says of the " an- 
cient works " : 

Mncb of theoooDtry suffered for want of water, aa little or no rain fell, and the few 

Htreaus in their short and hurried course from the moTtntaJDa exerted only a rray 

limited tiiflneiice on tlie wide extent of territory. The soil, It is true, was for the 

most part sandy and sterile, but many places were capable of being reclaimed, and 

ioOeed needed only to be properly irrigated to be saaceptible of extraordinary pro- 

dactinn. To thw* ppote water Wfts conveyed by meann of caoalB and nabterraDBonB 

aijiiediicts execntpcl ou » ni>Iile HCiile. They consisted of large slabs of freestone 

1 nicely tiDted Ut^etber witbout cement, and discharged a volomeof watersoSicieDt, by 

k means of latent dncts oraluices, to moisten the lands in their lower level through which 

■ithey passed. Soloa of these aqueducts were of great length. One that traversed 

^he district of Coudeaoyu measured betweeu 400 and 500 niiles. Tbej were lirougbt 

nvm some lalte or natural leserToIr In the heart of the monntains, and were fed at 

biterrala by other basins, which lay in their route along the elopeH of the sierra. In 

H—ir descent a passage was aometiniea opened through rocks, and this without tlie 

of iron tools j impracticable mo ojitaiui - - - ■ - ^ ' - ~ = ■--- ■- 
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tieoro>iB6d; in short, the same obstaolee were to beeaooonteredasiutheooiutruotio 
of their mighty roads. 

Host of these beDeflcsnt works of the in 

Spaaish oouqDcrors. In some Rpota then ._ „ 

aobterraiiaoiis channels, whose windings and whose sources hare been alike ii 

plored. Others, though partially dilapidated and clustid np with rubbish and the 
rank vegetalion of the soil, still betray their course by occasional patches of fertility.. 
Such are the remains in the Tatley of Nasoa, a frnitEul spot that lies between long 
tracts of desert, wher« the ancient water-conrses of the iucae, measuring 4 or 5 faet 
in depth liy 3 in width and formed of large blocks of unoemeoted masonry, are con- 
dncted from an unknown distauce. 

The greatest care was taken that every occupant of the laud throogh which these 
streams passed should enjoy the benefit of them. The quantity of water allotted to 
each was prescribed by law, and the royal orerseeis superintended the diatriliutlon, 
and saw tnat it was faithfully applied to the irrigation of the ground. (Preucolt's 
Conquest of Peru, Vol, I, pp. 131-133.) 

Patches of these prehistoric works are stlU to be fonDd in the prov- 
inces of Mendoza, Sau Juan, and the upper Aadiiie provinces of the 
Argentine BepubJlc, though the ravages of time and the reckless indif- 
ference of the first conquerors of the oonatry have in nearly every in- 
stance reduced them to ruins. 

IBRIOAIION APTEB THE CONQUEST. 

If, however, the early Spanish colonists were more intent iu their 
search for gold than in that for the riches which agriculture produces, 
their descendants in those far Andine provinces slowly awakened to 
the fact that the only retnrn they would ever be able to get for their 
labor would be from the cultivation of the soil. While thronghout the 
pampas, consisting of the provinces of Buenos Ayres, Santa F^, and 
Entre Kios, the people followed the lazy bnt lucrative employment of 
breeding cattle to the entire neglect or abandonment of agricnitnre, 
which exacted more hard labor and patience than they were incliiieil to 
give it, in the far interior provinces, where, owing to the lack of t4c;tsi}n- 
able rains, there was a general absence of pasturage and cattle were 
nnable to feed themselves, the colonists were compelled from necessity 
to direct themselves to agriculture, but they did it in such a way that 
compared with the science displayed by the aborigines the caltiviition 
of the soil actually retrograded. Mr. Nap, in bis work on the Argen- 
tine Republic, says: 

While the ooantry whs a Spanish colony, agrlonltnre was neglected to the greatest 
degree, even in those districts wher« it had previonsly been the principal oacupntion 
of the primitive iniiabitants. 

Indeed the conquistadores of the Argentine Republic found there an iudifcenons 
population more numoroas than theraBotves, which, if it was not quite so fur ad- 
vanced iu agriculture as tne ancient inhabitants of Peru, had adopted many of their 
ways and usages in ref^nrd to iiTigation, and were especially experienced in tbe cul- 
tivation of the soil. The Spaniards, failing in their search for gold, were coinpclled 
to accommodate themselves to the circnmstances which an rronn^d them. Thus the^ 
adopted the customs and habits of life of the natives, and partially undertook agri- 
culture; and though it was not vigorously exploited, yet it became of a certain im- 

Thns, when the towns increased and a greater consnmptlon wae required, the 
pampa provinces were provided with cereals from tbe provinces of the Interior. For 
example, tbefardistaut province of San Juan, as late as the year USO, atilL sent flour 
to the Atlantic coast ; and notwithstanding the high cost of the transportation by 
land it was yet able to compete with that of North America, and even enrpass it i a 
quality. 

Bnt owing to droughts and the constant want of timely rains, it was almoliitely 
necessary to secure the necessary moisture by the artificial means of irrigati'ii' - ""•* 
yet it is unfortunately the case that in some of those provinces so little att^nii' 
paid to the proper systems of irrJ;;ation that these means foe watering tin 
were actually worse nnder the Spanish dominion than tbey wei» before t£o po 
Hit oonqnwt. 



Since the orgaDizatiou of the Argentioe Bepahlic as an inilepen^eut 
goTerotneot, while agrionlture was scarcely thought of in the pampa 
provinces nntil recent years, the cultivaticfti of the soil has continued to 
be the principal occupation of the inhabitants of the interior prov- 
iuces. And it is only in those of Mendoza, 8au Juan, Catamarca, San- 
tiago del Estero, Tucuman, Salta, and Jujing that any attention is at 
alt paid to the subject of irrigation. Indeed, but for such artificial 
means, owing to the lack of rains,' it would be' impossible to raise crops 
St all in any of them. 

CLIMATE AND BAIM-PALLS OF THE INTERIOR PROTIMCES. 

In regard to the character of the climate it will be borne in mind that 
the Argentine Bepublic extends from 56 to 20 degrees south latitude, 
and consequently in such a wide zone is subject to a very great variety 
of climatic conditions. While the tar northern provinces have qaite a 
tropical temperature, and the Gnyo provinces have a temperate climate, 
those portions of the country which extend towards the Straita of Ma- 
gellan have about six months of quite severe winter. I may also add 
that the mountain ranges gradually rising on the west to the regions of 
perpetual snow have great ejects upon the temperature even in regions 
of the same latitude. Un this acconnt, in compliance with the instruc- 
tions of your circular, I shall have to give the character of the climate 
and the quantity of rain-fall for the dift<isteDt interior provinces sepa- 
rately, beginning with — 

MuNDOZA. — This province is bounded on the \<est by the line divid- 
ing Chili from the Argentine Kepublic, and contains about 155,745 
square kilometers. A large portion of it is without population. The 
cultivated portions are mostly in the neighborhood of Mendoza, its 
only city, which is in latitude 32° 55' and longitude G8° 49', and stands 
at an altitude of 799 meters above the sea. It is situated in the foot- 
hillit of the Andes. The meteorological office reports for the year 1836 
the mean monthly temperature (centigrade thermometer) as follows : 



Jannaiy 23,21 

Pebroary 22.83 

March 21). 02 

April 15.18 

May 10.55 



Jnly 7 85 

August . . . . 9. 79 

September 13. H7 

October 17.04 

November 20. a9 

December 23.65 



The mean temperature was 15.99°. The lowest temperature was 7.5° 
below zero on the 8th of August, and the highest 41.6° above od the 
12th of December, a variation of 40°. 

In regard to Ihe rain-fall we have returns of the years 1877, 1S78, 1879, 
aiid 1880, as follows : 
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The director of the meteorological ofBce says: 

From these fignres will be andewtood the extreme aridity of the climate contign- 
ona to the foofrhilla of the Andes and that the entire a(rtioaltntal richness of the 
Andine provincos depends directly upon the melting of the hbowb on the elevated 
peaks of the great Cordfllerae. In the city, also, snow is accustomed to fall fre- 
qnently daring the winter, but to no great depth. And yet, owing to the eitensise 
Byatem of irrif^tion, the greatest part of the lands in the neighborhood of the rivers 
baa been made very productive, being devoted principall; totlie cultivation of alfalfa, 
wheat, maize, and the vine. 

San Juan. — The province of San Joan lies to the north of that of 
Hendoza and its western boaodary separates it also from Chili. Its 
mountainous featnres, however, are more proiiouneed than those of 
Bfundoza, the Sierras there rising one behiud the other in longitudinal 
chains which form the system of thu Andes. The city of San Juan lies 
in latitude 31o 32' and longitode 68° 35', and it is 652 meters above the 
level of the sea. Twelve years of observations complete gives the mean 
monthly temperature of the city as follows : 



January 26.43 July 10.17 

February 25.40 Angnat 13.30 

March 23.41 September 16.25 

April 17.74 October 20.00 

May 13.43 November 23.64 

Jnne 9.68 ] December 26.12 

The mean temperature is 18.8(P. The place is subject to very sud- 
den changes of temperature, the varation in the summer mouths being 
sometimes Ad great as 25 degrees in a few hours. 

I have returns complete of the rain-fall for the years 1881, 1832, 1883, 
and 1888, as follows : 
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It will be seen from these figures that the climate is excessively dry. 
The clearness of the atmosphere, however, is phenomenal, and although 
iasnmmer the midday heat is very severely felt, the nights are refreshed 
by a cool breeze from the south. The " zonda," as the northeast wind 
is called, is the sirocco of South America, aud prevails during the 
months of July, August, and September, generally beginning about 8 
o'clock in the morning and continuiug nntil suudown, during which 
time the heat is almost suffocating and the air is a cloud of dust. The 
" zonda," however, is always followed by a south wind, which at once 
causes a sudden fall of the temperature and re-establishes the atmos- 
pheric eqaiUbrium. 



In reference to the climate the director of the meteorological ofBce 
says: 

Theqnautity of water whidifalli ieeutirelyinaileqnate to therequiremonfsof life; 
and tbDs it iaDolnstonisliiDgtliut great tracts of c:ouutry(trave8iHa) are found almost 
entirely without vegetation unlosa the required moialare is supplied bj- irrigatioo. 
With even a limited irrigalioD, Lovrever, these deserte are traual'oi med ioto fertile 
fluids, whicli by the cootraet aceui, as it were, like islanda of Paradise, where grow 
luiariSiDtly aJI the products of the temperate zoue. The few rain-storms which occur 
are accompauied by violent winds aud great electrical discharges, and hail freqaniitly 
falls iu the mouths of October aud November, causiug at times great destruction to 
the crops. 

Oatamaroa. — The province of Oatamarca is boanded on the west by 
Uhili aud ou the north by Bolivia and the Province of Salta. Its 
superficial extent is placed at 242,309 square kilometers, its great 
industry is mining, thou;<;h considerable attention is also given to agri- 
cnlture and the dairy. The city of Catamarca is in latitude 28° 28' and 
longitude 65° 65', and its altitude is 545 meters above the sea-level. It 
is situated in a small valley which on the south opens into a level arid 
plain. The climate is very similar to that of San Juan, very hot in 
summer and temperate iu winter. The "zonda" here is very Ixeqaent 
and sometimes blows for forty -eight hours, iu its progress frequently 
parching and blasting all vegetation. Indeed the ciimat« is so dry 
that the drought sometimes continues for eight or nine months of the 
year. Only ou such spots as are moisteued by irrigation is any abun- 
dant vegetation to be found. The mean temperature lor each month is 
given as follows : 



January 28,27 

FebruarF 26.C0 

March ilb.lS 

April 18.77 

May 16.a0 

June 10.72 



Jnly II. 78 

August 16.03 

Septenibet 19.53 

October 23.70 

November ^. 7ti 

December 27.64 



The temperature frequently rises above 40 degrees and scarcely ever 
known to fall to freezing- poiut. 

I am uot able to give the rain-fall, but it is much less than that of 
Ban .Inan. 

TuouMAN. — The province of Tucuman is to the southeast of Cata- 
marca, but in climate presents a very notable contrast to it, on account 
of its great humidity and consequently the tropical character of the 
vegetation. Indeed, owing to its innumerable farms and rich vegeta- 
tion, it is called the " garden " of the Repnblic. Its superficial area is 
about 70,000 square kilometers, a large portion of which is relatively 
well cultivated the capital city of the same name is in latitude 2fi° 50' 
longitude 650 lij', and its altitude is 464 meters above the sea. I have 
the mean monthly temperature of Tucuman for sixteen years, and there 
is but little variation in the readings. I give that for I880 : 



January ... 
Febrnary. . 
March 



Jnly 11.3 

AoKUst 15.1 

September 19.3 

October 20.1 

November ., .... 24.5 

December.,... 24.5 



The highest temperature recorded was December 2i 
went to 40 aud on three occasions it went down to 0.9. 



1862, when it 



Id reference to the climate the director of the meteorological office 
says: 

The qaautitj' nf water which f&IU ia entirely inadeqaste to the requirements of life; 
and thns it iaDotaalomahiDg that great tracts of country (tlaveaiax) are found almost 
entirely withoaC vegetation anleas the required nioiatnre U supplied by inigatiou. 
With even a limited irrigation, however, these deserts are traoBfni med into fertile 
flelda, which by the oontrast seem, aa it were, like islands of Paradise, where grow 
luiuriantty all the products of the t«mperate zone. Tbe few rain-storms which occni 
are accompanied by violent winds and great electrical diaohargee, and hail ii«qneatly 
falls In Ibe months of October and November, caasing at times great destcDcUoD to 
the crops. 

Oatamaboa. — The province of Oatamarca is boaaded on the weat by 
Chili and on the north by Bolivia and the Province of Salta. Its 
superficial extent is placed at 242,309 square kilometera. Its great 
induBtiy is mining, thouRh considerable attention is also given to agri- 
cnlture and the dairy. The city of Catamarcais in latitude 28° 28' and 
longitude 65° 56', and its altitude is 545 meters above the sea-level. It 
is situated in a small valley which on the south opens into a level arid 
plain. The climate is very similar to that of San Juan, very hot in 
summer and temperate in winter. The " zonda " here is very frequent 
and sometimes blows for forty-eight hours, in its progress frequently 
parching and blasting all vegetation. Indeed the climate is so dry 
that the drought sometimes continaes for eight or nine months of the 
year. Only on such spots as are moistened t>y irrigation is any abun- 
dant vegetation to be found. The mean temperature for each month is 
given as follows : 



January ......................... 26.27 

Fubrnary 26.60 

March 25.18 

April 18.77 

May 16.80 

June 10.72 



July 11.78 

Augnst 16.03 

September 19.53 

October 23.70 

November 25, 7B 

December 27.61 



The temperature frequently rises above 40 degrees and scarcely ever 
known to fall to freezing-point. 

I am not able to give the rain-fall, but it is mach less than that of 
Sau Juan. 

TUCUMAN. — The province of Tucaman is to the soatheast of Cata- 
marca, but io climate presents a very notable contrast to it, on account 
of its great humidity and consequently the tropical character of the 
vegetation. Indeed, owing to its innumerable farms and rich vegeta- 
tion, it is called the " garden " of the Kepnblic Its superficial area is 
about 70,000 square kilometers, a large portion of which is relatively 
well cultivated the capital city of the same name is in latitude 26° 50* 
longitude 65° lU', and its altitude is 464 meters above the sea. I have 
the mean monthly temperature of Tucuman for sixteen years, and there 
is but little variation in the readings. I give that for 1S85 : 



I 



February. . 
March 

May 



17.4 
13.6 
11.9 



■f"iy 

AuRuat 

September .. 

October 

November... 
December. ., 



The highest tomporature recorded was December 25, 1S62, when it 
went to 10 and ou three occasions it went down to 0.9. 




In reference to the climate the director of the meteorological of&ce 
Bays: 

The quantity of water wbich fnlla ia euti rely inadequate to tlie requirements of life; 
and thus it ianotasloniBblng tbnt ^eat tracts of country (tiavesiiui) are found almoet 
eutlKly witbout veKetatiou unless tlie required moisture is supplied by irrigation. 
With even a limited irrigation, however, these deserts are trausfoimed iota lurtile 
fields, which by tbe cootrast steoi, as it were, like islands of Paradise, where grow 
luinriantly all the prod nets of tbe temperate zone. The few rain-storraa which oecar 
are accompanied by violent wiuds mid great electrical discharges, and hail ireiiiientlj' 
falld iu tba moiitb8 of Octobot and November, caasing at times great deatrnetion to 
the crops. 

Catamaeca. — The province of Catamarca isboondetl on the west by 
Chili aud oii the north by Bolivia and the Province of Salta. Its 
superlicial extent is placed at 242,30!) square kilometers. Its great 
industry is mining, though considerable attention itt also given to agri- 
cnlture and the dairy. The city of (Jatamarca is in latitude 28° 2S' and 
longitude 65^^ 55', and its altitude is 545 meters above the sea-level. It 
is situated in a small valley which on the south opens into a level arid 
plain. The climate is very similar to that of San Juan, very hot iu 
summer and temperate in winter. The " zonda " here is very Ireqaeut 
and sometimes blows for forty -eight hours, in its progress frequently 
parching and blastiug all vegetation. Indeed the climate is so dry 
that the drought sometimes continues for eight or nine months of the 
year. Uuly on sucL spots as are moistened by irrigation is any abun- 
dant vegetation to be found. The mean temperature lor each month is 
given as follows : 



January 38.27 

Fbbrnatr 26.G0 

March B5. 18 

April ie.77 

May 16.S0 

June 10.72 



Joly 11.78 

August 16,03 

Septtimher 19.53 

October 83,70 

November 35. 76 

December 27.64 



The temperature frequently rises above 40 degrees and scarcely ever 
known to fall to freezing-point. 

I am not able to give the rain-fall, but it is much less than that of 
8an Juan. 

TucuMAN. — The province of Tucuman is to the southeast of Cata- 
marca, but in climate presents a very notable contrast to it, on account 
of its great humidity and consequently the tropical character of the 
vegetation. Indeed, owing to its innumerable farms and rich vegeta- 
tion, it IS called the " garden " of the Kepnblic. Its superficial area is 
about 70,000 square kilometers, a large portion of which is relatively 
well cultivated the capital city of the same name is in latitude 20° 50' 
longitude 65° V2', and its altitude is 4G4 meters above the sea. I have 
the mean monthly temperature of Tucuman for sixteen years, and there 
is but little variation in the readings. I give that for 1885 : 



Jan nary ... 
Febrnary. .. 
March 

May 



Jnly 11.3 

August 15. t 

September 19.3 

October 20.1 

November 24.5 

December 24,5 



The highest temperature recorded was December 25, 1S62, when it 
went to 40 and on three occasions it went down to 0.9. 



Id reference to the climate the director of the meteorological office 
says; 

Tbe qaantit; of water wbtcli falle in eutiroly itiailoquate to the require mente of life ; 
aod thus it iNaoCaHtoniHtimg tliut grunt tractuof uuuutry (traveaiau) arefonad almost 
eutiMlf without Togetatioo nnleas the requited moihtnre is supplied by irrigation. 
With even a limiti^d irrigation, however, tbeae dexevta are traust'oi med into fertile 
fields, Thicli by the contrast seeiu, ai it were, liiie islandB of Paradise, where grow 
luxnrtantl^ all the prodacta of the temperate zone. The few raia-sloruia which occur 
are accompiauied by violent wluda and great electrical diachargea, and hail frequently 
(alia in the mouCba of October aud Novemlwr, causing at times great destrnctioa to 
the crops. 

Oatamaeca. — The province of Catamarca is boanded on the west by 
Chili and on the north by Bolivia and the Province of Salta. Ita 
superficial extent is placed at 242,309 square kilometers. Its great 
industry is mining;, though considerable attention is also given to agri- 
culture and the dairy. The city of Uatamarca is in latitade 28° 2S' and 
longitude 65° 55', and its altitude is 545 meters above the sea-level. It 
is situated iu a small valley which on the south opens into a level arid 
plain. The climate is very similar to that of San Jaaa, very hot in 
summer 'and temperate in winter. The "zonda" here is very frequent 
and sometimes blows for forty-eight honrs, in ita progress frequently 
parching and blasting all vegetation. Indeed the climate is so dry 
that the drought sometimes continues for eight or nine months of the 
year. Ouly on such spots as are moistened by irrigation is any abun- 
dant vegetation to be found. The mean temperature for each month is 
given as follows i 



Juiuaiy S8.27 

Fiibrnarr 2f).()0 

March 25. IS 

April 18.77 

May 15,80 

Juno 10,72 



July 11.M 

August 16.03 

September 19.53 

October 23. TO 

November 25. TO 

December 27,64 



The temperature frequently rises above 40 degrees and scarcely ever 
known to tall to freezing-point. 

I am not able to give the rain-fall, but it is much less than that of 
Ban Juan, 

TucuMAN. — The province of Tucuman is to the southeast of Gata- 
marca, bntin climate presents a very notable contrast to it, on account 
of its great humidity and consequently the tropical character of the 
vegetation. Indeed, owing to its innumerable farms and rich vegeta- 
tion, it is called the " garden " of the Kepiiblic. Its superficial area is 
about 70,000 square kilometers, a large portion of which is relatively 
well cultivated the capital city of the same name is iu latitude 26° 50' 
longitude 65° lii', and its altitude is 464 meters above the sea. I have 
the mean monthly temperature of Tucuman for sixteen years, and there 
is but little variation in the readiugs. I give that for 1885 : 



January . . 
February. , 

March 

April 

May 



35.0 Jnly 11.3 

23.1 AuKuat 15.1 

21.0 September 19.3 

17.4 October 20.1 

13.6 November 24,5 

11.9 December 34.5 



The highest temper.ituro recorded was December 25, 1862, when it 
went to 10 aud on three occasions it went down to 0.9. 
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The rainfall for the years 1SS6, 1SS7 and 1S88 was aa follows : 
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The mean monthly rain-fall by Beaaons for the fifteen yetirs was as 
follows: SpriD?,205.3; sammer, 4S8.2 ; antumD, 233.6 ; wiuter, 31,1. 

COBDOBA.— The province of Cordoba is partly pampa and partly 
mountainous, and, exhlbltiiig great diversity in the quality of the soil, 
is admirably adapted for agricultaral pnrauita and grazing, the only 
drawback being a tendency to droughts during the sammer mouths. 
The city of Oordoba is situated on the banks of the Eio Prlmero, just 
on the edge of the great plain which extends to the Atlantic Ocean, 
the Sierras rising on the west to a height of 2,500 feet. I have the 
mean monthly temperature for the last fifteen years, and there is a re- 
markable uniformity in the figures. I give the following for the year 
1887: 



■Tsnnarf,.. 
Fobmary , 
March '— . 

April 

May 



jQly 10.5 

Angast 16.0 

September — 15.5 

Oetober 17.7 

NoveniLer 19.7 

December 21.6 

The rain-fall likewise shows a remarkable nniformity. I have the 
returns for the laat fifteen years, and the lar^^est amount in any one 
year was 988.7 millimeters, in 187S, and the smallest atnoant was 528.7, 
iu 1887. For the years 1SS7 and 1888 it was aa follows : 



Month, 


1887. 


,m. 




01.4 

M.4 

o!o 

a.o 
ias.3 

SLft 





















































The mean monthly rain-fall by seasons for the last eight years was 
as follows: Spriug,' 194.3; summer, 310.<i: aatamD, 144.3; winter, 
16.1. 

I might extend these meteorological returns, bat they are qait« suffi- 
cient to show the character of the climate in the irrigated regions, and 
the-annual amonnts of raiu-fiiJl. From an examination of them it will 
readily be understood that without some artificial means of watering 
the soil there would not be moisture sufBciont for the production o£ 
crops with any certainty, uuless, perhaps, in Tncnman and Cordoba. 





80U&CE8 OP THE WATEE SUPPLY. 

The water snpply in all tteae provinces for the parposes of irrigation 
ia almost exclusively from rivers, streams, spriugs, and auiall water 
courses, coming down trom the monutaius. The great trouble, how- 
ever, with those rivers which have their sources iii the CordillerHs of 
the Andes is their nnequal volume of water. With the meltiug of tbe 
snows, or during the rainy season, they are generally fall to overflow- 
ing ; but they soon run out and -At the very timea when their waters 
are most needed. Indeed, with the exceptiou of the system of rivers 
which flow to the Bio de la Plate and which includes the Urugnay, the 
Parana, the Paraguay, the Pilcomayo, the Vermijo, and the Salado, 
there is not a single river in the entire Republic, until we come to the 
rivers south of the province of Buenos Ayres, which has any oatlet. 
Those of the central system, most of which cross the province of Cor- 
doba, alter a dreary course to the eastward, are swallowed up in sands 
before they reaeh the Parana. Those which compose the system of the 
Cordilleras are all lost in quagmires and marshy laguoas before they 
reach the ocean. With their shallow beds running down very slight 
inclines, and their great evaporation from the high temperature of sum- 
mer, many of them quite dry up during four or five months of the year, 
and these streams are all in those belts of country which have the 
greatest need of moisture. 

OHABACTBB OF THE IRKIGATION WOBKS, 

In regar<l to the character of the works used for the storage and dis- 
tribution of the water, as a general thing, it may be said that they are 
of the most primitive kind. In moat caHes they consist merely in hold- 
ing the waters by meaus of dams built at intervals along the courses 
of the streams and from the higher levels thus obtained, making canals 
or aqueducts through which the water is allowed to pass by a gradual 
descent as it is needed to the lauds which are to be irrigated. Frooi 
these canals the water is distributed by means of sluices and gateways 
along a systemof drains, trenches, or conduits to the fields and meadows 
which compose the irrigatiou district. Where the surface is level or 
flat it is frequently necessary to form artificial slopes for the water to 
pass over. The whole of the ground is then laid in broad, undulating 
beds, t;ho upper part of which is quite level from end to end, where the 
supply channel is cut. All the supply furrows are fed by a main chan- 
nel at right angles to the beds and somewhat above them. When the 
flood-gates are opened the water flows into all the upper channels very 
regularly and evenly till it fills them to overflowing in their entire 
lergti. In the i-iisc of tliowiislri'aiiia which comedown from theheifrlit-'* 
of the Andes iuul course through the valleys or cafions of the Sierras tbert- 
is no difliculty in holding the water at a higher level than the lands 
to be irrigated, but where the sluggish rivers meander across an almost 
level plain, there is occasion sometimps for engineeriiig aud the taking 
of levels. In some instances a channel receiving the wat^r at a higher 
point than that to which the river flows is dug at a less declivity than 
that of the bed of the stream and made to carry the water higher than 
thii banks of the river, from which level it is allowed to descend slowly 
and irrigate the intervi'niug district. Id some parts of the Cuyo prov- 
inces the works which serve as reservoirs for retaining the waters are 
of solid masonry, and large sums of money have been spent in their 
construction. In other provinces the woiks are merely wooden barriers 
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or eiirth embankmeats, which sometimes in anddea freshets are swept 
away with great damage, thus leaving the people of the district) uutil 
thej are repaired, without the mOiiDS of irrigating their lands. I give 
below the various sources of the water supply. 

JujDT. — This province, which borders ou Bolivia, is irrigated at va- 
rious points by the waters of the river San Francisco, which, making a 
Bemi-circle through the southern valleys, finally empties into the Kio 
Vemejo. While it is the ouly considerable stream in the province, there 
are a large number of small mountain riverlets, from which channels 
also have been dug, and which greatly assist the necessities of agricult- 
ure. 

Salta. — On the other hand, this province is supplied with water for 
irrigating purposes from no less than three large rivers, the Jiirameuto, 
the San Francisco, and the Yermijo, and by a large number of mount- 
ain streiims, which are thronghout their length atilizedforagricuItnri.il 
purposes. 

TucuMAN. — Owing to the chains of mountains which longitudinally 
pass through the western portions of Tucuman, this province likewise 
is quite well supplied with water for irrigation purposes ; on the south, 
the streams from the heights of the Acouquija range, from the river !San 
Frnncisco, and on the east the river Sali, afterwards called the Dulce. 
These two rivers, together with an innumerable number of mountain 
riverlets, furnish au abundance of water for irrigation purposes, mid 
nearly all the farms and sugar plantations are thus supplied through 
the means of oi'dinary coudults. 

Santiago del Estero, — In this province, the principal source of 
the waters for irrigating purposes is the river Juramento, afterwards 
called Salado, which flows along the northern and eastern borders. As 
far as Sepulturas the river is well banked and both sides are covered 
with fine farms and sugar plantations, the artificial watering whii;h 
tbey receive from the stream producing a marvelous fertility in iauds 
which otherwise would be perfectly barren. Beyond that point, how- 
ever, it spreads out into marshes or eateros (whence the name of the 
province) over a country which is unfit for cultivation. Another con- 
siderable water course is the river Dulce, which, after leaving Tucuman, 
flows diagonally through the province, passingby thecity of Santiago. 
In that vicinity it is well banked, and by means of a series of canals 
furnishes an abundance of water to the estancias and sugar farms on 
each side. Afterwards, turning to the southeast, it reaches the Salinas 
or great salt desert, where no vegetation can exist. Beyond this its 
several channels unite again and forms what is called the Saladillo. 
Along this stream are to be found spots or " oases in the desert " whiuh 
have been redeemed by means of irrigating canals, thence coursing over 
a barren plain the river finally loses itself in an immense salt swamp 
called Los Porougos. 

Oatamaeca. — This has no large water courses, though it is crosseil 
by several small rivers, of which the principal are Santa Maria, the 
Paeleu, and the Piedra Blanca, the two last named forming tbe Kio di.'l 
Valle, on which the city of Catamarca is located. These streams ami 
their affluents, and indeed every gorge and valley in the proviin-i^ 
down which courses a mountain torrent, are utilized ere they are swf)!- 
lowed up in the sands, for tbe purposes of irrigation. But even then 
the water supply is so inadequate, that there are throughout this 
pi'ovince immense districts without water courses and without raiJi 
which must continue to be little less thau sterile deserts. 




BlOJA. — Its only river of importance is the Vermijo, and this waters 
only a very small portion of its Borface. This river, coming down troa 
tbe eternal snows of Mount Boneti, traverses the fmittnl valley of Jaque, 
]s increased by the torrents which come from the Valle-Hermoso, and 
tnrning its conrse to the aonth to receive the surplns waters of the val- 
ley of Jacal, finally in latitude 32 degrees loses itself in the sand before 
reaching the lagnnas of Ouanacache. Throughout its coarse it affords 
excellent facilities by means of sluices for irrigation, bat the volume of 
water is wholly insufficient to meet the requirements of tbe people, and 
during the summer months, for want of moisture, there are bat few 
places which escape the wide-spread drought. Wherever there is a 
threadof water, however, comingdown from the Sierras, it has been util- 
ized for irrigation, and in the last few years the Government has been 
boring artesian wells in the hope of obtaining a better supply of water, 
but thus far with very little success. 

San Luiz. — This province is as poorly supplied with water as Eioji 
The only river of any importance is the Bio Qaiato, which comes down 
from the mountains in a series of cascades, and after a southeast course, 
is finally lost in the pampa, in latitude 34 degrees, in an immense salt- 
marsh called Juncal. There are several small streams whose waters are 
also, by means of dams and canals, utilized for the purposes of inig^ 
tion, bat.tbe great want in this province is more water ; for altbough 
in good seasons there is rain-fall enough for the crops, yet this can nol 
be depended on, and an adequate harvest is only certain in those parte 
wfaere they have streams for irrigation. 

Sak JtTAN.— This province is in the midst of the rivers which com- 
pose the water system of tbe (JordiUeras. The most northward of the!« 
is the Colorado, which Is fed by several affluents from the far west«m 
Sierras. The second is the Termejo Chico, which also is formed bv 
several affluents in the snow-covered peaks of Copiapo, at whose foot 
are a series of magnificent farming districts, all watered by canals from 
these mountain streams. This river afterwards, turning to tbe soutb 
as I have said, makes its way towards the Laguna Cruanacache, but is 
lost before it gets there. The third and most important of the gronp 
is the river San Juan, which has its source in the summits of the Cot- 
dilleras, in two affluents, and flowing to the east, down the vaDej" of 
Pismento, cuts through the mountains and, after passing by the citj' (^ 
San Juan, turns to the south "and empties into Lake G-uanacache. For- 
merly, on the breaking up of the snows, the floods which came down this 
river cansed most destructive inundations in the vicinity of theeilj, 
and sometimes devastated leagues upon leagues of the most cultivated 
parts of the valley. To guard against this, an immense dyke has beM 
constructed which acts as a reservoir for holding the water during tbf 
summer months. From this reservoir have been constructed nuniijer- 
less distributing canals and conduits all along that beautiful valley; 
and the water is now so abundant that there is sufficient for steady 
streams along the gutters of the city. The San Juan all along iH 
conrse, however, offers marvelous facilities for irrigation. At Murallon. 
its altitude is 800 meters, while at Lake Guanacache its altitude i! 
600 meters, thus giving a fall of 200 meters in a distance of not ovH 
40 miles in a straight line. The river, however, is wonderfnlly crool;ed. 
and affords water for an unlimited number of canals and conduits foe 
fertilizing all the adjacent country. Besides this all the small stream 
and rivulets which find their way down from the mountains are ntiliz^^ 
for watering the lands along which they course — indeed they ate ei- 
tirely absorbed for agricultural purposes. 
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Mendoza. — The system of canals and condnite for irrigatioD parposea 
is probiibly more complete in Mendoza than in any other of the Cuyo 
proviucetf, and the absolnte requirement of vater for agricultaral pur- 
poses gives its rivers and wat^r-conrses a pecnliar importance. The 
most considerable of these is the Bio Mendoza, which is formed by two 
short branches in the eastern slopes of the Andes, the northern confla- 
ent deseending from Mount Aconc3f;ua, under tlie name of Bio Las 
Coevas, while the southero, under the name of Bio los Horcones, receives 
its waters from the peaks of Tupungato. After the junction the river 
mus to the south through the valley between the Cordilleras, and the 
Sierra Dspillata, and reaching the level plain near Lnjau, shortly atter- 
wards doubles towartia the north, in this way arriving at the Lake 
Guanacacbe, into which, like the Kio Sao Juan, it finally disappears. 
Tbrougboat nearly its entire course, it furnishes the waters for au Im- 
uieuse amount of irrigation, while the complicated net-work of channels 
in the immediate vicinity of the city, with their elaborate ramifications, 
is one of the great attractions of the place. Heretofore the waters, 
brought down and through the city iu open trenches, was nsed indis- 
criminately, also, for drinking and culinary purposes, but two years ago, 
wbcn the cholera visited this country, the epidemic was peculiarly 
isaligiiaut in tliat city, owing as the analysis proved, to the bad condi- 
tion of the water iu tlie canals. Siuoe then, all water used in the city 
ha.s been brought to it in closed pipes and is separate and distinct from 
that employed for purposes of irrigation ; and the well-known healthful- 
Dess of Mendoza has once more been assured. 

Cordoba.. — This province has probably greater facilities for extended 

works of irrigation than any other of the interior provinces, as it is 

crossed by not less than five considerable rivers, the Primero, the Se> 

guudo, the Tercero, the Cuarto, and the Quinto, all of which take their 

"leio diOerent parts of the Sierras, which range on the western bouud- 

y of that province and 'flow te the east or sontheast towards the river 

iraua, but which only the last named finally reaches, al Ithe rest losing 

emselves in the sands of the painpa before they get there. These 

vers are all utilized for irrigating the different portions of the prov- 

iCe, as are also a number of still smaller rivers, which, rising in the 

ierras of Cordoba, have their course towards the west antil they 

nally also disappear in the sands. 

With a view to increasing the agricultural facilities of the province 
ml thus inducing immigration, five or six years ago, under theinatiga- 
lon of Dr. Juarez Celman, of that province, now president of the Ar- 
.■eiitiue Republic, there was initiated a series of very extended works 
t artificial irrigation, the several rivers which ran through its territory 
offering peculiar advantages for the purpose. Surveys and scientifio 
n<|iiiries to this end were made by corps of skillful engineers. The 
Irst of these works, under the name of the ** Irrigation works of the 
heights of Cordoba" (Obras de riego de los altos de Cordoba) compre- 
beudett the distiibution of the waters of the Bio Frimero, which passes 
through the city of Cordoba. The work was commenced two years ago 
and ii is just now contemplated and with most satisfactory results. 
The entire cost was $3,8(M),000. It isdlvided into four parts as follows: 
(I) The dike of San Boqne. This is a reservoir for holding the 
Wilier of the river. It is located in a nanow canon, with precipitous 
mountains on each side, at a short distance from the confluence of the 
rivers San Boque and Cosquin, which together form the Bio Primero. 
It is 51 meters in height and 37 meters from the water-line. The 
thickness of the wall is 51 meters at the base, laid in cement j 29 



meiers ac lue waier-ime ana o mecers ai me lop. lu lengin ai tbe 
base, being from bank to bank, ig 30 meters, and at tbe top 135 meters. 
It coutaius 50,000 cabic meters of masonry. It holds 260,000,000 cubic 
meters of water and converts the valley iato a large and beautiful arti- 
ficial lake. It contains two flood-gates, a pipe of discharge, aurt con 
trivances for removing the accumulations of sand. Upon leaving tbis 
immense reservoir, tbe water flows down tbe channel of the riv|;r sutil 
it reaches a spot called Mai Paso, a short distance from La Coleta, 
where a second dike has been built. 

(2) Tbe dike of Hal Paso, which forms a reservoir for the distnba- 
tion of the water. This dike is 10 meters in height and 230 meters in 
length, from bank to .bank, and consists of 13,000 cubic meters of ma- 
sonry. From this reservoir have be<.'n constructeil two distributing 
canals, one of which carries the water to tbe table-lauds oo tbe uorth, 
and tbe other to those on the south side of the river. 

(3) Main northern canal. This canal is 25 kilometers long and has 
eleven acqeducts, one of which, that of Saldau, for its extent, its sulid 
ity, and its elegance attracts general attention. The point of distribu- 
tiou is at a height of 37.25 meters above the threshold of the door of tLe 
S'ational Observatory iu Cordoba. The slope or deulivity varies between 
0.02 and 0.03 per 100 meters. It has twenty secondary canals. Tlie 
amount of masonry employed lu tbe construction is 44,000 cubic motel's ; 
the excavations of stone and earth reaebed to 615,000 cubic meters. 

Main southern canal. This canal is 37J kilometers iu length, and 
has twenty aqueducts. Tbe point of distribution is in a plain, eren 
higher than that of tbe Northern Canal. The slope is tbe same. It has 
89 kilometers of secondary canals. Tbe amount of masoury emplojed 
ill tbe construction is 45,000 cubic meters. The earth and stone excara- 
tiuus amonnted to 812,000 cubic ipeters. 

The area, which these colossal works will irrigate, amounts to 4*^000 
hectares at twelve floodings per year ; and double that number at 6 per 
year. 

Besides these, the surveys have been completed and approved for 
similar works on the Bio Segnndo, which will hold 350,000,000 cubtu 
meters of water and irrigate 60,000 hectares of laud, at a cost of $4,500,- 
000 J also for works on the Eio Tercero, whose principal dyke will he i2 
meters high and contain 286,000 cubic meters of water, at a cost of 
$3,850,000 ; also for works on the Eio Cuatio for which two dykes are 
to be coustrncted each 16 meters iu height, which will hold 32,6110,000 
cubic meters of water and irrigate 17,500 hectares of lami ; also tor tbe 
Bio de los Sauces, which at a cost of $1,400,000 will irrigate 23,760 
hectares of land. 

Theeutire cost of tbe works completed and the works projected is 
estimated to be not less than $15,280,000 with a capacity to irrigate 
1,209,250 hectares of land, which is equivalent to $73 per hectare. If 
all these works are ever completed the territory of Cordoba, which now 
in some parts, owing to the want of rain, is a desert, will take a new de- 
parture as an agricultnral province. 

I regret that I have not been able to be more explicit or go into 
greater detail in regard to tbe character of tbe works of irrigation iu 
all tbe diflereut provinces ; but I have fouud it almost impossible to ob- 
tain any autlieu tic information whatever. Upon the receipt of the cir- 
cular of the Department, I at once applied to the interior department 
of the Argentine Government, iu the hope that it could furnish me witli 
printed reports, surveys or statistics iu regard to tiie more importaot 
ircigaliou or storage systcma employed iu the interior proviuces, but I 
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was informed that it had nothing of the kind at its command. I then 
immediately addressed letters to the governors, stating the object I had 
in view and asking for such data on the sabject as I supposed of course 
they would be able to send me ; but although over a month has elapsed 
I have not yet received a word from any of them, and it is hardly worth 
while for me to delay my report any longer in the hope of obtaining 
them. Under these circumstances I have had to depend solely on such 
outside information as I have been able to procure, and except in the 
case of the works in the province of Cordoba, to speak only in a gen- 
eral way. In regard to the latter 1 have bad access to a book descrip- 
tive of the province by Senor Santiago J. Albarracin, and which de- 
votes a few pages to the subject of irrigation. In regard to the other 
provinces, however, the modes of irrigation employed are generally so 
primitive and so simple, being in most cases mere trenches with slop- 
ing slides, that I doubt if it would be of any service, even if I could 
give more detailed statements in regard to them. 



DISTRIBUTION OF THE VTATBR. 

In regard to the rules or laws which govern the distribution of the 
water, of course it all depends upon the tenure of ownership. In many 
of the provinces, if not indeed ia all of them, there are numerous canals 
cut for irrigating purposes which are the property of the owners of 
the land, through or over which the canals are made. The province 
has had nothing to do with their construction and of course collect no 
rental or tax for the water used. Where the works have been con- 
structed by the provincial governments a tax is paid by those who 
make use of the water, and this varies in the different provinces 
according to the expense or cost of the works. I regret that only in 
a few cases I am able to give the rates charged for the use of public 
wat^r, not having been able to procure the laws under which the irri- 
gating canals have been constructed. 

In the province of Santiago des Estero, it is provided that all agri- 
cultural establishments and gardens which use the water of the public 
irrigating canals shall pay a tax of $1.50 per hour; and manufacturing 
establishments shall pay $2 each time they request the water, not to 
exceed four hours each time; 'for a single hour 50 cents each time. 
Subscribers for the use of the water for irrigation have the right to six 
times per month during the year ; and in case they do not receive this 
amount in the course of the year, they are entitled to a proportionate 
rebate, but the law does not appear to state what amount of water 
shall be used. 

In the province of Mendoza the annual tax is $30 per square (about 
5 acres), the water to be used not ofteuer than one day in the week, the 
tax to be paid quarterly. For each house situated on the canals, where 
there is a service of water, a tax of 25 cents per month is charged. 
Those who make use of the water surreptitiously, or who use it out of 
their turns, must pay a fine of $20 for each offense. 

In the province of Tucuman the water of the *' Western Canal ^ 4s 
sold for the purpose of irrigation at the rate of $3 per mark per 
twenty-four hours 5 and for brick making at 30 cents per 1,000 bricks. 

In Oatamarca 6 cents per hour is charged for the use of the water 
from the Rio Tala, payable monthly. 

In Cordoba the charge per square is $30 per year, payable quarterly, 
the water to be used one day in the week. Those who use the water out 
of their turn or without permission are liable to a fine of $20 each time 
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WAIKE EIGHTS BY PRESOEIPTIOH. 

TheBs water-rates, however, it will be Ijorne in mind, are only col- 
lected in cases where the proviuces are the proprietors of the works. 
In lUiiny cases, as I have said, the canals are the property of the land 
owners on each side of the stream. It is a part of the history of the 
conquest that when the Andiue regions came into the posseeaiou of 
the Spaniards they occupied the country in the neighborhood of the 
rivers in some cases, driving the original inhabitants away from their 
settlements; and in others not only appropriating their settlements, 
bat even reducing the Indiana to the condition of slaves and requiring 
them to cultivate lands which were their own. These lands were held 
iu vast estates, and with the organization of the governments it was 
found that a,ll the arable places were in the possession of comparatively 
a few persons, who either found irrigating canals already constructed 
upon the lands or who compelled the enslaved Indians to dig them. 
Thus all these Jiinded estates have had from the beginning a right to 
the use, if not the control, of the streams along which they are located. 
And, as with the increase of population, these estates have gradually 
been divided up into smaller properties and sold ; a certain amount of 
the water for irrigating purposes have lieen sold with them. Thus the 
quantity of water which the different properties are entitled to is in 
most cases fixed by their title deeds. 

AREAS OF I.AKD UNDER IRRIGATION. 

In regard to the areas of land under irrigation, compared with such 
as are cultivated without irrigatiou, together with the quantity and 
quality of Ihe crops grown, it is not possible to apeak with exactness. 
As no census of the country has been taken for the last twenty years 
it is usual to base all calculations on estimated figures, and that is all 
that can be done in this ease. Fortunately I find iu the message of the 
President of the Kepublie to the preseut Argentine Congress a table of 
statistics, " being the first ever attempted," giving the amount of land 
wnder cultivation in each proviuce for the year 18S3, compared with the 
total areas. 1 reproduce his figures below : 
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Thus, out of a total area of 98,878,200 hectares of land in these inte- 
rior provinces, we find that only 703,077 hectares are under cultivation, 
being scarcely .07 per cent, of the entire area. It will readily be seen 
ff"in this that it is only along tlie water courses that there is any irri- 
11, or indeed iiny vegetation at all. 
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The provinces which, owing to the frequency of the rains, do not re- 
quire irrigation for the production of crops, are the following: 

Provinces which have no irrigation* 



ProYinoea. 



Bnenog Ayrea 

Santa F6 

EntreRios-... 
Gorrientes.... 

Total... 



In oaltiTa- 
tion. 



Heetaret. 

868,668 

686,537 

136, 161 

46,631 



1,637,977 



Total area. 



Heetaret. 

31, 123, 700 

13,168,200 

7,545,700 

8, 114^ 800 



69,942,400 



In these four riverine provinces out of a total area of 69,942,400 hec- 
tares of land, there are 1,637,077 hectares under cultivation, being 
about 2.5 per cent, of the entire area. 

The President in his message calls attention to the difference in the 
percentage of land under crops in the riverine provinces and in the 
interior provinces, and says : '* It shows the relation there is between 
6asy means of communication and the cultivation of the land." There 
is no doubt that the outlet the former have to the sea-board does give 
them some advantage, but the great advantage which they possess con- 
sists in their better climate and their more reliable supply of moisture 
from fertilizing rains. A large percentage of the lands in the interior 
provinces, owing to the limited supply of water they afford, beyond the im- 
mediate banks of their water-courses, must continue to be what it now is, 
an unproductive area of desert, unless the deficiency can some time be 
made up by the sinking of artesian wells, a problem which the Argen- 
tinjB Katioual Government has for some time been trying to solve, thus 
farj however, without any great success. Should artesian water, how- 
ever, be finally reached in sufficient quantities to meet the requirements 
of agriculture, all the interior provinces, most of whose areas are now 
but waste places, would receive a new stimulus and have a more pros- 
perous future in store for them. They would then be able to produce 
crops not only of as good quality, but perhaps in as great quantities as 
the more favorable portions of the Republic. Until then, however, the 
provinces of the littoral must continue to be the chief centers of the 
Argentine agricultural industry. 
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PACIFIC OCEAN, 

REPORT FROM H. ^W. SEVERANCE, U. S. CONSUL-GENERAL, HONO- 
LULU, ON IRRIGATION IN THE HA'WAIIAN ISLANDS. 

This report has been delayed in order to include reference to a pub- 
lished report, now inclosed, on water-supply for irrigation by Messrs. 
Schuyler and Ailard*. Thesee ngineers, being competent men, have ex- 
amined the sources of supply on the island of Oahu, as well as giving 
valuable information concerning irrigation on the other larger islands 
of this group ; and although this infofmation is limited, the fact is fully 
established that irrigation is essential to success in the growth 
leading product, sugar-cane, as well as rice. 

The only map bearing upon this subject is attached to the 
Messrs. Schuyler and Allardt. It has been difficult to obtair 
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uiation in an extended form but the points to which the circular allades 
bavH as far an possible been answered in this report. 

Where irrigation is contiuuoua tlie prodact of sugar has increased to 
an average of i tons per acre, while the same lauds without irrigation 
formerly jieWed only the average of 2 tons per acre. 

The aiya of i^ood i;aue land in limited ; the most reliable estimates do 
not exceed 90,000 acres. Of rice laud 7,000 acres, and of land snited 
for bananas at present under cultivation 3,000 acres; total, 100,000 
acres. Of the cane land about 45 per cent, is irrigated, the remaindra', 
except for rice land, which is all uuder irrigation, is subject to the an- 
nual rain-full, which is copious on the high lands on the windward or 
eastern side, while it is limited on the leeward or westeru side. 

The ()iiantity of sugar iiroduced in the year 1888 was estimated at 
120,000 tons. Two-thirds of this of a good tight color, polarizing 
from SG lo 'M°, and oue-third of the yield polarizing from 7C to 84°, all 
of which was sold at good figures tor refining purposes. 

The estimate of rice was 20,000 tous, one-thirdof which was exported 
and the reitiaiuder consumed here. All of good quality. 

Of bauauiis about 100,000 bunches; 75,000 exported, balance con- 
sumed here. 

THE SOUBCBS OF WATEB-StJPPLY. 

From muuubiiu streams, Springs, artesian wells, andstorageresecvoirSi 

THE CHAHACTEB OF WORKS, DISTEIBCTION, ETC. 

These consist of dams and basins, by which water is impended and 
then conveyed by wrought-iron and cast-iron pipes, flumes, and open 
water leads and ditches at various distances from 5 to 40 miles. This 
system of distribution is regulated largely by leases from land-owneis 
uud by custom and common consent with sanction of law. 

AMOUNT OF WATER USED PER ACRE AND PER SEASON. 

For twelve mouths' irrigation per acre on the Spreckelsvilte plantatioD 
on Maui .5()6,2S0 cubic feet were used, equal to 3 inches per acre, every 
week, or say 5.8 cubic feet for 1 pound of sugar produced. This may 
be a large quantity, as the usual estimate would be 1 cubic foot o£ 
water per second to properly irrigate 45 to C5 acres of cane or 30 acres 
of rice. 

THE COST OF RBHTAL TO TTSER. 

On page 31 of report forwarded the highest cost of pumping is esti- 
mated at $3 per acre iier month, or $45 per acre per crop. No reliable 
estimate can be found of cost of water-supply distributed by pipes, 
ditches, flumes, artesian wells, or springs. This would depend on the 
distance, the menus of conveyance, the character of the country, and 
the How. 

lliMDliE OF OWNERSHIP OP WATER. 

Both private and by lease from Government. 

CHARACTER OF CLIMATE IN IRRIGATED REQION. 

Variable, according to elevation ; on the leeward or western side, in 
proximity to ihe ocean, dry; the eastern side generally moist aud cool; 
good soil in the valleys, yielding fair crops, 
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AX^r AL &AIX-FAIJU 

Mean ralnfiill on the island of Oaha fttHn 1867 to 1SS3 ir» 61S 
incfaes (see page 24 of report inclosed), while the mintmani nuibftUl^ 
along the ooast exceeds 24r inches, and npon the moantain slopt^ Akhii 
40 to 90 inches, according to elevation ; in the HUo district on Hawaii, 
120 inches. 

AIinQTJITT OF IBRIGATIOX 8TST£X» 

A system of irrigation has always existed among the Hawaiiaiia 
thronghoQt the Kingdom, conveying the water finom the mountain slopes 
and spriugs through the valleys over hiU>sides £or the prodaoUou of ' 
their chief article of food, the Arum esculentum or kalo, fh>m whioh poi 
is made. Many of the ancient water leads are still maintained at ^• 
vate ex|)euse by the owners of leases of the lan4 running fttun the 
mountain to the sea. 



ASIA. 



REPORT FROM JOHN TTLER C AMFBEIalH TJ. S. GONSUZa, FOOCROW, 

ON IRRIGATION IN CHINA. 

As the rain-fall is equally distributed throughout the year in this 
province (Fohkieu) there is no land dependent alone on irri^tion \ but 
in the calture and growth of rice, which is generally understood to be 
the principal crop grown here, irrigation is at times indispensable, and 
is a subject which deeply concerns the farmer in this country. The 
rice crop can not be made without a great deal of water, and in the 
seasons of drought its absence is sorely felt. 

THE CULTIVATION OF BIOB. 

In the first place a small piece of ground is highly fertilized^ plowed, 
or dng ap and put in good order very much as cabbage beds are pre- 
pared, then the rice seeds are sown, after which the water is turned on 
and the bed kept submerged with about a half of a foot of water until 
the plants are sufficiently large to be transplanted to the fields. And 
here again irrigation is required. The ground is plowed and put in 
order for the plants* but before planting the fields are covered with 
water about one-half of a foot deep and the soil is worked into mud : the 
plants are then set into the mud and water in rows. Water is kept 
standing on the land until the plants are well along. Irrigation is 
therefore essential to rice growing. 

HOW LAND IS IBBiaATED. 

This country is well situated for the construction of reservoirs on a 
large scale. Dams.could be easily built across the gulches and deep 
cannos in tb^ mountains, and reservoirs could be made wheijBin im- 
mense quantities of water could be stored and when needed for irriga- 
tion could be turned on the fields in tbe valleys below by the force of 
gravity, but this idea has never been acted upon by the Chinese, if it 
ever entered their minds. Small ponds are made adjacent to the lieldjl, 
and the water is pumped from these and the natural water suppliat 
into the rice fields by man power alone* 

i 



TEE MODE OF IBEIGAIIOIT. 

The water ased for irrigation is drawn ap from the ponds and wat«r- 
coora^s by ao endless chain, or rather an endless rope pamp, which is 
worked by one man or sometimes two men by treading upon a wheel, 
made with a number of radiatiog arms, which causes the wbeel to tarn 
opon its axis. A horizontal pole about 5 feet above the shaft is made 
fast) and the men support themselves by leaning upon this pole while 
treading the wheel. One end of the box through which the chain draws 
the bnckels is placed in the water at an angle of aboat 46 degrees with 
the pond, river, or canal from whence the water is drawn into the field. 
The box is open at both ends and is made strong and light. The whole 
apparatus is easily earned by one man on his shoulders. The faster the 
man treads the wheel the more water is pumped, and the machine is 
kept going night and day when water is needed for irrigation. 

The pump ia ran very much on the principle of the tread-mill so far 
as the motor-power goes, and the water is carried up with the backets 
something like wheat is raised in an elevator. In this province neither 
horse nor steam power has ever been thought of, and the manner of 
pumping water it is believed has not changM for three handred years. 
Water is conducted into the fields, which are usually marked off into 
small compartments, according to tha number of proprietors, by earth 
embankments, the water filling one after another until all are covered. 
Horses are never used in this province by the farmers, and in fact are 
rarely seen here. Everythiug is carried by human beings on their 
backs. The vegetable garden, dowers, and small plants arc watered by 
water ennicd on the backs of the laboring people — men, women, and 
children. 

None of the modern appliances for conducting water over the land 
have as yet found their way into China. No greater or stronger power 
than human hands is ever called into requisition, nor is there any like- 
lihood of any innovation to the long- established custom being per- 
mitted in this land where farms are so small and labor so cheap. No 
farmer will expend money in experiments for irrigation when he can 
hire a laborer at from $10 to $12 per year to keep the time-honored 
pump in motion. The working classes themselves would strongly op- 
pose the introiluction of labor-saving inventions that would take work 
iVom them, and tend to cut oft' their employment. The farms are snoall, 
less than 1 acre in many cases, but they have been tilled for perhaps 
thousands of years, and by the skillful use of fertilizers and by care 
and attention to each plant crops are raised thit would astonish the 
owners of rich soil. 

■_ THE WATERS OF THE EIVEE JON. 

The river Min runs diagonally through tliis province, and a few miles 
above this city it divides into several branches, which, after pursuing 
separate courses for 15 miles, unite a little above the pagoda anchoraee. 
and empty into the Pacific Ocean 2 miles below. Along the river are 
numerous small valleys which can be easily irrigated from the river, 
but the mode of irrigation is rude and simple. The pump is used for 
the larger fields and small plants, and garden vegetables are watered 
by water carried on the backs of the laboring people. The everlasting 
pole on the shoulder of the bearer, with buckets suspended from each 
end, is rarely out of view. The water is carried in this way, in many 
places along distance, but no com])laint is heard iu any quarter. \Vliea 
the rains cease water must be supplied to keep alivts the growing: vege- 



HOW THE CHINESE IRRIGATE THEIR LANDS. 277 

tatioD 60 essential to the existence of tb6 people. Daring a dry season 
men, women, and children are engaged in carrying water which is care- 
fully sprinkled over the vegetatiou^, and the greatest patience and care 
are shown in keeping moisture about the plants. In this part of China 
the rain-fall is fairly distributed throughout the season, but if the rain 
does not come at the needed time the water buckets are called into req- 
uisition to supply the necessary water for the crops. 

LAND UNDER IRRIGATION. 

There are no means of ascertaining the area of land grown in 
rice. This seems to be the only product of the soil that necessitates 
irrigation. There are no statistics available showing the quantity 
of land under cultivation. As far as observation goes the whole face of 
the country, excluding the precipitous mountains and running streams, 
is used either for farming purposes, for residences, or for cemeteries. The 
water-supply is abundant for all purposes in ordinary times. There are 
numerous rivers, streams, and springs in all parts of the province. 
There are no laws governing the use of water. Gastom rules in this as 
in almost all the affairs of life in China. 

RBPORT FROM THOMAS F. PETTUS, U. S. CONSUL. NINOPO, CHINA, 

ON IRRIGATION. 

(1) It is impossible to ascertain the areas of lands under irrigation or 
cultivation, owing to the diflSculty in getting at the records kept in the 
tax office and the absence of published returns of land taxes. The 

' district is well cultivated, and every strip of land available is under 
cultivation. 

(2) The supply of water for bottom land is from canals. The supply 
canals are run from the river to the hills, dug from 50 to 80 feet wide. 
At the foot of hills all running water from springs is emptied into the 
canals, so as to form a never-failing supply of fresh water. The canals 
are not allowed to connect with the river, as the water in the latter is 
salt or brackish. At the foot (or end) of the canal an embankment of stone 
is made to a height above the sides of the river, this is covered with 
moistened, slippery clay, so that boats entering or leaving the canal are 
hauled over. A hawser of twisted split bamboo is fastened either to the 
stern of the boat or a strong beam crossing it at the bows. The haul- 
ing is usually done by capstans, sometimes by oxen. 

These canals have no locks. The supply canals are from 2 to 4 miles 
apart ; minor canals are dug at right angles, and supplied with water 
from the main arteries, about 200 to 400 feet apart, from 10 to 30 feet 
wide. Thus every farm and garden is supplied with free water. 

(3) The farmers, when compelled to irrigate their land, use a wooden 
chain-pump, which is as long as required, placed so as to draw water 
from the canals, worked by cog-wheels, the ox performing the labor ; so 
a stream of water some 10 inches wide constantly flows. A field of 2 or 
3 acres of rice is soon overflowed. 

For gardens and small plots of ground a hand-pump of the same kind 
is used, generally worked by two men. 

The hill lands are terraced and are irrigated by springs, water being 
conveyed by small ditches or by pipes made of bamboo. 

(4) There are no laws or rules governing the water system. The 
canals are free, and there are no expenses to the user beyond those of 
drawing the water from the canals. 



aad September, hot and dry ; November and December, dry and pleas- 
ant ; Janaary, February, and March, damp and disagreeable. 

The Bystem of irrigation according to Chinese ia over a thonsaod 
years old. 

The soil is allavial. Bain-fall for 1888 was 68.31 inches. 



(1) Iirigation of land is so general in southern China that a compari- 
son between irrigated and non-irrigated lands is impossible. Bice is the 
chief crop on wliich cultivators rely for support, but near Canton and 
other large towns and cities a great diversity of productions may be 
found, as vegetables of all kinds are cultivated, and the lands being so 
sobdivided as to be devoted to small parcels, and under the maoage- 
ment of ^mall owners, to many kinds of crops, with a view to early sup- 
plies fur immediate city consumption. 

The yield of good land," which has been properly fertilized and irri- 
gated, supports a family of five persons, who will each consume 2 
pounds ol rice, and other things in moderate variety andsnpply. Two 
croi>B of rice and one of vegetables are produced annually when the 
lapd is well tilled. A ton and three-quarters of rice per acre each year 
is a fine crop. In tilling the small pieces of land about Canton, with a 
geuerouB use of fertilizers, the utmost vigilance is given to irrigation. 

(2 and 3) The sources of water-supply are the small tributaries of the 
large branches of great streams, and in many places where they are 
inaccessible pools of water are held in reserve by hardening the bot- 
toms and sides of pits and hollows and depressed or sunken lands. 
Between rows of growing vegetables, trenches filled with water, ob- 
tained from the creeks, brooks, or pools, are kept, and once or twice a 
day the water is scooped from these trenches upon the raised grounds, 
in which the roots have great depth of loose and moist soil to promote 
growth. When these trenches of water are not available, owiug to 
scarcity of water or to porous land, the men and women carry, sas- 
pended from a yoke across their shoulders, two large buckets with long 
spouts, and sprinkle the rows of vegetiibles copiously. Sometimes the 
water for this purpose is carried in buckets a considerable distance. 
For the irrigation of rice lands, which have to be submerged, the lauds 
are divided into small patches at different levels, so that the appear- 
ance is that of a beautiful system of terraces, near a bountiful supply 
of water, which is raised to the upper level by chain-pump and tread 
mill process with coolie power. From the upper to lower levels the 
water descends so gradually as to avoid washing away the substance 
or fertility of upper to lower lands. 

(4) The system of water distribution is generally conducted and used 
on the mutual or co-operative plan, which pre^ ails in China in so many 
branches of industry and business as to lead one to believe co-operation 
is reduced to a perfect system on the basis of equity. 

(5) The character of the climate in this province is mild and warm. 
The lowest temperature at Canton in winter is about 37 or 38° Fah. 
The rainy season of March and April, with copious showers and rains 
of considerable frequency during May and June, and occasional show- 

* The consul makes no mention of the area required. 
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era up to the end of August, supplying crops with abundant water when 
most needed for the first and second rice crops. The actual measure- 
ment of rain-fall is not known. During the rainy season the water-fall 
is torrential at times. 

The antiquity of the irrigation system in China is established. This 
portion of China is favored with streams, and water-ways, sloughs, and 
natural deposits of water for the temporary season of drought ; so that 
being abundance of fertilizing properties available for agricultural and 
horticultural operations, the excellent supply of water required for irri- 
gation of land favors the production of the largest crops of which any 
land is capable of yielding. 



REPORT FROM A. C. JONES, U. S. CONSUL CHIN KIANO. CHINA, 

ON IRRIGATION. 

Sir: In compliance with the circular letter of instructions of the De- 
partment of State, on the subject of irrigation, dated May 2, 1889, and 
received on the 7th instant, I have the honor to inform you that, so far 
as I can learn, there never has been any national or other governmental 
system of water distribution in China. There are no reservoirs worthy of 
the name in any part of the country. This province of Kiangsie, as its 
name signifies, is the province of rivers and mulberry trees, and is per- 
haps the best- watered section in the empire. The almost annual inun- 
dations, caused by the overflow of the Yellow Eiver and the Yapgtsze 
Kiang, fertilizes the submerged lowlands of the province and renders 
unnecessary any artificial means for the cultivation of crops except that 
of rice, which requires in the early stages of planting and growth a great 
deal of water. 

The methods of providing water for the rice and other crops in gen- 
eral ail over the country are very simple, and are governed by no laws 
or regulations beyond the local customs of the people. 

The farms, so-called, are rarely over 2 acres in extent, and are sepa- 
rated by ditches or raised pathways. There are no fences and no rang- 
ing stock. 

To provide a water-supply for the fields the farmers usually club to- 
gether and make large pools to receive the rain for common use. It is 
then when required supplied to the fields by pails. When a natural 
streamlet exists, it is utilized by conducting it through ditches or bambo 
l)ipes to the fields. 

Sometimes the water is supplied from the streamlets by the most 
primitive arrangement of a water-wheel worked by treading with the 
feet. 

These are the methods in vogue since the earliest days in this dis- 
trict, and no improvements on them have ever been attempted. In 
other districts I have seen the water-wheel worked by buffaloes. 

The rain-fall is very uncertain. Usually in May and part of June 
there are heavy rains ; but last year a long-continual drought almost 
destroyed the whole rice crop of the district. 

In reading of the astuteness of the Chinese and of their reputation 
generally as to shrewdness and sagacity, one naturally would expect 
other things of them ; but my observation of the working class and the 
farmers leads me to the conclusion that while they are hard-working 
and patient, they are a shiftless and hand-to-mouth people. 



RBFORT FROM J. D. KENMBDT, U. 8. CONSTTL-aENIiRAI., SHAIfO- 
HAI, Oir IBRIOATION IN CHIMA. 

Following tbe Department's ioquiries in their order I have to re- 
port att follows : 
(2) Rice fleldR are nsaally flooded from rivers, streams, and canals. 
{3} Tbere Isnosystem of storage of water for irrigatiOD, 

(4) All irrigation throughout this section of China (if flooding rice 
fields may be called irrigation) is carried on by individuals. No further 
information under this heading obtainable. 

(5) Warm, moist, and fertile. 

(6) Tbe present means of pnmping water from streams into fields 
has been practiced iu Chiua from time immemorial. 

In general: From Mr, G. James Morrison, an English civil engineer, 
who has bad much experience in China, I learn that from observation 
made during extensive journeys in the interior of this country h.e has 
seen no other means of irrigation than the system of pnmping from 
streams directly into the tields, save the more laborious method he saw 
in tbe northern sectionsof China of lifting water in buckets and tlirow- 
Ing it over the bank by hand. 

On tbe island of P'ormosa he saw a more extensive system of irriga- 
tion, tbe water bt.'ing conducted down tbe hills for some distance. 

From Mr. John Fryer, a distinguished sinologue, to whom I applied 
for ifssistance in making this report, and who obtained his informatiou 
from Chinese sources, I learn that iu northern Shan-Si an arid tract of 
land has been reclaimed by irrigation. Tbe information is so meager 
that I merely mention it. Iu many sections of China there is at the 
present day extensive tracts of arid laud and uo attempts are made to 
reclaim them. 



About one-half of the country i^ under cultivation, and of this portion 
fully four-fifths is under irrigation. 

Kiee is the staple, consisting of two kinds, Va Suan, or garden rice, 
which is tranplanied, and the second grade, VaMuang, or field riee. 

It is estimated that about 10,143,800 piculs are annually growo in 
Siam. 

Water is supplied to the tields by means of canals, which branch ont 
from the rivei-s in all directions. 

The water is conducted into the tields by small canals and ditches 
(the fields are divided uft' into ris, containing about one- third of an acre), 
around the foar sides of each ri, in turn, until tbe whole number of ris 
is full. 

There are no published works upon irrigation. This system is gov- 
erned by laws and customs. There is no duty upon tb© water, but if 
the land is government property there is an annual rental in the form 
of a tax of 28 cents per ri, which includes the use of the water. The 
large canals are built at the expense of the general government, but the 
small canals leading to tbe fields must be dug by the individual. 

The climate is tropical, with a wet and dry season. Tbe average au- 
nnal Kain-full is 67.04 inches. 

Tbe system of irrigation has been in nse from time immemorial and ia 
maiutaiiied partly by public iinil piirtly by private exiicuse. 
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RIIFORT OF ERHARD BISSINQER, U. S. CONSUL, BEIRUT, ON IRRI- 

QATION. ETC.. IN STRIA. 

(1) Areas op land under irrigation, etc. — As there are no 
statistics kept in Syria it is not possible to state with any degree 
of positiveness the exact areas of land under irrigation, and the differ- 
ent authorities competent to speak on so important a subject differ 
somewhat in their various estimates. A high government official in 
Damascus, who has devoted much study and attention to the matter, 
gives the approximate area of cultivated land in the vilayet or prov- 
ince of Syria as 30,000 feddans— 336,000,000 square feet. (A <* feddan » 
in Syria is understood to comprise that extent of land which can be 
plowed and prepared for seed by a pair of oxen in one day.) 

An equally reliable and competent authority in Beirut, from his own 
observations and knowledge of the country, estimates that only about 
5 per cent, of the cultivated lands are irrigated in the province known 
as Mount Lebanon, and probably not over 2 per cent, in all Syria, 
while the proportion of irrigable, as compared with non-irrigable, areas 
is calculated by the former authority as equal to about three parts out 
of twenty- four, or 12 J per cent. 

Quantity and quality of crops grown, — ^The total quantity of crops 
grown is not ascertainable, not even approximately, aud any attempt to 
arrive at exact figures would be useless and a mere waste of time. 

The quality of the crops varies according to climate, soil, and locality j 
they comprise nearly all the cereals grown in the United States, besides 
" durah " or maize (both yellow and white), sesame, hemp, cotton, etc^, 
also bananas, pomegranates, tigs, dates, oranges, lemons, mulberries, 
olive, and other fruits, and all kinds of vegetables and other garden 
products. 

Orchards well watered, as those for instance at Sidon, Tripoli, and 
other places in Syria, are reputed to be very remunerative in a pe- 
cuniary point of view, yielding, it is said, as high as 10 per cent^n the 
capital invested, clear of all expenses. 

(2) Sources of water supply, — The sources of water supply are lakes, 
rivers, streams, and other water-courses, springs, ponds, wells, and cis- 
terns or tanks. The waters of lakes for irrigation purposes are only 
utilized in a few instances, such as Homs, Til^rias, etc., as will be seen 
later on, and reservoirs, on a large scale, do not exist at all in Syria. 

(3) Character of worJcs tised for storage and distribution of water. — Pub- 
lished reports of irrigation and storage works do not exist ; a wood cut 
of a huge Persian water-wheel in use at Hamah, with an accompany- 
ing description in print published from notes furnished by a competent 
authority here, is all I have seen. 

Generally speaking the character of the irrigation works is of the 
most primitive kind. From rivers the conveyance of water is usually 
by means of canals or rough ditches badly leveled and aligned, often 
without masonry except at the intake, the retaining weirs for pbtaining 
necessary head being remade every season of bowlder, stones, and 
brush- wood, rarely over 3 feet high. 

Irrigation from springs is generally much the same as from the riv- 
ers, though necessarily on a smaller scale. 

From wells the system universally employed is that of the **Na 
'hura.'' 

The "Na'hura" is of the simplest construction, cheap, quickly made 
and repaired, and easily worked, while it raises a comparatively large 
quantity of water. Its construction consists of a clumsy cog-wheel^ 
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male, or Lorse Hlt)icbe<l to tbe sweep ; this turns a similar ooe perpeo- 
dicalarly placed at the cuA of a heavy beAm, which has a large wide 
drnin built into it, directly over the month ot the vrelt. 

Over this dram revolve two rough hawsers, or thick ropes, often 
made of " myrtle " twipa aod branches twisted together, and upon them 
are fastened small earthen Jars or wooden buckets. One side descends 
while the other rises, carrying the small buckets with them ; those de- 
scending are empty, while the ascending ones are full, and as they pass 
over the top they discharge into a trough which conveys the water to 
the cistern. The length of the hawsers and namber of buckets de- 
pend upon the profundity of the well, for the buckets are fastened to 
the hawsers about 2 feet apart ; the wells are of difierent depths, bat 
generally average from 10 to 15 feet. It is claimed that with good aD- 
imal power a bucket containing about 2 gallons of water can be raised 
every second (see table in "Aoca-Haifa" report). 

The " Shaduf," so coospicnous on the Nile, is not used in Syria, bnt 
on the shores of Lake Tiberias an apparatus much like it has been 
seen at work, and the well-sweep and bucket is also met. with in many 
places. 

Another method (very common in the land of Philistia) may be ob- 
served on the plains of central Syria. It is a large buffalo skin so at- 
tached to cords tliat when let down into the well it opeus and is in- 
stantly filled, and being drawn np, closes np so as to retain the water. 
The rope by which it is hoisted to the crop works over a wheel and is 
drawn by donkeys, mules, oxen, or camels that walk directly from the 
well to the length of the rope and then return, only to repeat the proc- 
ess nutil a suflicient quantity of water is raised ; this is also a very 
saccessful mode of drawing water. 

The wheel and bucket, of diiferent sorts and sizes, are much used 
where the water is near the surface, and also along rapid rivers. For 
shallow wells merely a wheel is used, whose diameter equals the de- 
sired, elevation of the water. The rim of this wheel is large, hollow, 
and divided into compartments answering the place of buckets. A 
hole at the top of each bucket allows it to fill, as that part of the rim, 
in revolving, dips under the water. This, of course, will be discharged 
iuto the trough when tbe bucket begins to descend, and thus a. con- 
stant succession of streams falls iuto the cisterns. The wheel itself ma; 
be turned by donkeys, mnles, oxen, or camels. 

Small water- wheels are sometimes turned by feet, bnt the process is 
tedious, toilsome, and not prodnctive of much result. 

At Homs, in the Tripoli district, there is a lake or artificial baeio of 
about 4,000 acres in extent, formed by draining the Orontea Kiver. It 
is very shallow in summer, probably not over 10 or 15 feet at the deep- 
eat part, but will reach a depth estimated at from 30 to 40 feet in the 
winter. The lake was made for the double purpose of regulating tbe 
summer flow of the Orontcs and for obtaining sufficient bead of water 
to irrigate the extensive gardens of Homs. This lake is the only artifi- 
cial system of irrigation on a large scale in the country, but it is not 
kept m very good repair. 

The " Pools of Si>lomoii," at Tyre, may also be mentioned ; they are 
natural artesian wells of (;reat volume, irrigating some 1,600 acres of 
garden land from artificially raised conduits. 

(4) The system of water distribution, etc. — In regard to this, Ottoman 
law literally says : 
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^ These usages and established rules vary somewhat in different locali- 
ties ; but it is the almost universal custom that the water belongs to 
the community and to the lands irrigated by it; the allotted quantities 
of water can not be altered or alienated without the permission of 
all the proprietors unanimously 5 nor can the lands be sold without the 
water, nor the water without the lands. 

The amount of water used per acre — ^is estimated by a reliable author- 
ity as varying from 25 tons in the plain for garden products to 4 tons 
per acre in the high lands for mulberry trees. 

The actual or precise quantity of water used per acre or season, can 
not, however, be accurately stated ; it varies greatly according to the 
soil and its products. Mulberry trees, for instance, need only to be 
well watered three or four times during the dry season ; but the water 
shonld penetrate the ground at least 3 feet. This would require the 
the land to be inundated to a depth of at least 8 to 10 inches. Vege- 
tables, cereals, etc., should be watered more frequently, at least once or 
twice a week. 

Where there is scarcity of water, judicious manuring would do much 
towards assuring good crops ; but this practice, outside of the vicinity 
of Beirut and other large cities, is either wholly unknown in Syria or 
only resorted to in very isolated cases. 

Tenure of ownership of water^ etc, — The Turkish regulations and laws 
are very comprehensive and precise on this subject, and for a fuller 
understanding of the same, a translation of the most pertinent para- 
graphs is appended herewith : 



OTTOMAN REGULATIONS CONCERNING PROPRIETARY RIGHTS OF WATER, ETC. 

Water, herbs, and fire are thinss ex commercium ; all men enjoy them in common. 

Water running under ground is the property of no one in particular. 

Wells not sunk by any one in particular and which are used by the public in com- 
mon, are ex commercium. 

Seas and great lakes are things ex commercium. 

Streams or the public domains, that is to say, those which do not specially belong 
to any one, are those whose bed is not the property of a number of persons ; such 
streams are extra commercium, as for example, the Nile, the Euphrates, the Danube, 
etc. 

'^Private" streams (Arabic, enharmunlouk4)y i. e., those whose beds traverse the lands 
the property of private persons, are of two kinds. 

First. Those whose waters are subdivided among co-proprietors, but which do not 
empty or exhaust themselves completely into the lands of the latter and which run 
afterwards into public rivers; such water courses are also designated ''public," be- 
cause part of them is public domain. The right of pre-emption (chufaa) is not applica- 
ble to these water courses. 

Second. ''Private" water courses (nehrihass) which run within the limits of the 
property of a given number of persons and whose water is exhausted and disappears 
upon such property without re-appearing to form another confluent. Pre-emption 
rij^hts are only applicable to such water-courses. 

Alluvium deposited by a stream on the land of a private individual becomes that 
person's property ; no one else can lay claim to proprietary rights thereto. 

Herbs of natural (wild) growth upon lands the property of no one In particular 
are ex commercium ; the same with herbs that grow upon private property unknown 
to the owner ; but if the latter waters his land or incloses it with a view to prepare 
it for oultivo tion, then the herbs growing thereon become his property ; no one else can 
appropriate them, and he who gathers them is held responsible therefor. 

By herbs are meant such plants as are not artificially watered ; mushrooms, for 
instance, are included therein, but trees are not. Trees of natural growth (i. c, wild 
growth^ upon mountains which have no owners (djibali moubalra) are ex commercium, 
*A Trees of natural (wild) growth upon the property of any one belong to the owner 
1^^ such property ; nobody can cut them down without his authorization. He who 
-^^l^l^ftB a tree becomes the proprietor of the shoots and fruits thereof. 
DfceC anybody occupies a thing ex commercium he becomes the exclusive proprietor 
t >of .' 
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Examples : The water whicb a person draws from a si 
Domes hie iindispated property, and if a third peisoa con 
permiasion he is bald liable therefor. 

The oooapation of a ttiiog mast ihow intent ; conseqnently he who has placed a Te- 
oeptaole with theiotentioD of ooUecting rain-water becomes the owner of aach water. 

The eaiiie with water accnmatated in a baniu or cistern ; but the rain-water foand 
Id a receptacle not expressly placed for snch a purpose is not the prDp«rty of the 
owner of the .receptacle, and other persons may appropriate such water. 

It ta necessary in ibe oonupation of water that it does not run ooatinually ; ao for 
instance, well-water which filters through is comtntroium. He who cousomes tha 
water thns obtained bf iafiltratlun, eveo witboot theproprietor'a consent, is not held 
liable for dam ages. 

Aftain, water is uot coosideTed ashsTingbeen appropriated wbereosmncbenten 
a basin on oue side as escapes on the other. 

Everf one ma; enjoy a thing tx oommwcitint on condition that such enjoyment 
causes injury to no one. 

None can prevent a person from occnpying or appropriating a thing « eommerditah 

Everybody can otilize the waters of pnbuc streams for his lands, and may for this 
purpose, or for tlfe purpose of constructing a mill, digcanaU and ditches or trenohes, 
on.cuilditiou. however, of doing no injury to any one. Works which cause an inan- 
dation, those which completelyexhanst a stream or which prevent boats (barges) from 
floating, are to be interdicted. 

Man and beast may drink of the waters not the individual property of any one. 
The ricbt of " ohirb" (i. 0., the right to use water for irrigation and for the consump- 
tion ot animals) of water courses, not uublio property, belongs to the owners of these 
streams (courses) ; aoy other persona, however, may drink therefrom. Thus no other 
person than the nwnarcan serve himself of the waters beJongitig to a oWmrannity or 
of a ditcb, treoch, or well, for irrigating parposes; bnt ho may drink therefrom and 
even water his animals, provided the number of these be not so large as to damage 
the water course, the canal, ditcb, trench, or condnit; he can likewise draw water 
therefrom with a pitcher or pail, and carry it to his house or garden. 

Those who possess a broi^, stream, basin, or wellnpon their lauds, whose waters 
are renewed h; nature, may prevent any one who wants to drink therefrom from en- 
tering their property ; but if there exists no other water ex contmai'oiuni in the neigh- 
borhood, the owners are obliged to either offer the use of their water or allow their 
lands to be penetrated i and, in ease they fail to offer their water, those who wish to 
drink may enter the property, provided no barm is done thereto by damaging, for 
example, the edge of the wells or the water conduits. 

One of the coproprietors of a common water course can not, without the permission 
of the others, cut a chaunel, ditch, trench, or flutter; he can not change bis " turn "or 
share of the enjoyment of the water established 06 anligao not cede such right to s 
landed proprietor who has no right to the waters. of such a river for irrigating bis 
field or watering his cattle. The authorisation to perform these acta given by the 
other coproprietors could be evoked by these latter or by their heirs. 

In all contestations touching drinking water or water for irrigating purposes, the 
rules, regulations, and usages established ab aaliqao ii.re to he enforced. 

The waters of rivers, streams, springs, and otlier water courses, pass- 
ing throagli the lauds of a village or a city are the property of the 
community aud must be distributed, as has beeD the practice ab an- 
tiquo iu such a manner as to secure a supply to each landed proprietor 
during certain hours, either weekly or fortnightly. 

E\'eTy owner of land knows the exact time aud quantity of water to 
which he is entitled, and in almost every village there is a civil officer 
who is charged with the duty of looking after the proper allotment and 
distribution of the water amoug all the iufaabitants. 

As clocks aud watches are not commonly iu use amoug the peasanti;, 
the Time is measured by various devices, such as hour-glasses, etc. 

Besides the Beirut Water Works, noticed under the head of " gen- 
eral remarks," there exist in Syria no irrigation works which supply 
water against payment, and the Turkish Government has no other in- 
terest, Dor claims any other right to rivers, streams, springs, and oth« 
water courses than to place an increase*! valuation upon the lai 
irrigated therefrom, and to levy a comparatively heavier land tax. 

(fl) Character 0/ climate in irrigated region and nature of soiL— 
climate of the coast re{;ion is wurtn and damp. Thermometer r^ 
from about 40 to 90 degrees Fah. {in the Lebanon and other moo 
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the range is from 10 to 20 degrees less in the winter and from 5 to 15 
degrees in the summer.) 

The climate in the interior is generally dry, but with greater thermo-> 
metric range, say 25 to 30 degrees and 90 to 96 degrees Fah. The fol- 
lowing table will show the average readings in Beirut during a period 
of ten years : 

Thermometrical ohservationa taken at the Syrian Protestant College at Beirutf Syrta^ frovh 

1879 to 1889. 



Month. 



J nnaiy... 
February.. 
March.... . 

April 

May 

Jaue , 

July 

Angast ... 
{September 
October ... 
November. 
December , 



1879. 



60.92 
65.24 
62.33 
69.26 
73.38 
81.35 
85.79 
84.20 
82.05 
74.96 
67.55 
60.58 



1880. 



52.20 
58.60 
57.81 
55.70 
70.30 
79.50 
82.88 
84.40 
81.20 
77.90 
71.80 
59.50 



1881. 



61.70 
58.00 
61.70 
67.40 
71.70 
77.40 
82.80 
85.60 
82.90 
76.50 
67.40 
60.80 



1882. 



5^70 
53.20 
62.30 
66.00 
69.60 
76.10 
81.40 
82.60 
81,70 
74.64 
68.16 
61.00 



1883. 



56.20 
56.60 
64.40 
65.60 
70.78 
78.65 
81.90 
83.47 
81.55 
76.90 
67.30 
60.60 



1884. 



54.60 
55.30 
60.10 
66.40 
71.16 
77.90 
80.35 
82.00 
76. 30. 
74.20 
66.82 
63.80 



1885. 



56 60 
59.30 
62.40 
63.80 
74.60 
78.40 
82.50 
83.30 
80.90 
76.80 
68.90 
62.40 



1886. 



60.20 
59.50 
59.70 
64.60 
70.70 
78.90 
81.70 
83.05 
81.30 
75.40 
65.00 
61.60 



1887. 



55.54 
57.52 
61.10 
67.64 
72.36 
78.64 
82.66 
83.97 
81.00 
79.77 
70.84 
62.50 



1888. 



56.30 
59.60 
64.50 
66.50 
70.80 
76.60 
83.75 
83.60 
81.60 
78.22 
85.22 
58.33 



1889. 



67.10 
60.64 
63.16 
65.84 
71.06 
7a 12 
82.87 



No statistics for the interior are known to exist. 

The soil throughout almost the entire Vilayet of Syria is of a heavy 
clayey (argillaceous) nature, which, in drying up, becomes very hard, 
causing it to crack. In Beirut and other localities the experiment of 
using sand to improve the soil has been successful, but on a more ex- 
teusive scale, and upon large tracts, this process would perhaps not 
I)rove practicable or feasible. 

The character of climate is generally very good in the plains, but 
better in the mountains ; the lands not irrigated are of course the most 
salubrious ; the non-irrigated districts in the ** Hauran '' (east of Damas- 
cus) are considered by far the best, next come the regions to the north, 
then the Baalbek district, the plains of the '^Bekaa" or "Oool Syria,'^ 
and the districts of *'Hasbaya" and "Eashaya.'^ The land around 
Damascus is all irrigated and the soil is very fertile. 

Annual rainfall or other precipitation. — Along the coast, near Beirut, 
the annual rain-fall averages about 30 to 38 inches, but in the interior 
it is much less. One authority estimates it as low as 15 inches, while 
another makes it from 15 to 50 inches, or an average of 32^ inches. The 
rain-fall for Beirut for a period of ten years and six months is herewith 
annexed. 

Rain-fall at Beirut, in inches, from 1879 to 1889, observed hy the Syrian Protestant College 

at Beirut. 



Month. 



Jannary... 
February . 

March 

April 

May 

June 

Jnly 

Aujriist ... 
Sev)ieiiiber 
Ocleber ... 
Xnveuiber 
December. 



1879. 



3.100 

2. 2:h0 

5.(iU0 

.540 

.770 



.120 

3. 390 

4. 500 

i:{. 375 

32.685 



1880. 



1881. 



9.330 


1.320 


4. 205 


9.440 


3. 585 


5.360 


2. 1*25 


2.975 


.480 


........ 



.•o80 



1.013 

. 510 

1. 050 

g.6U5 



.110 



.765 
1.385 
5. 54U 
5.760 



32. 343 



32.655 



1882. 



4.910 
10. 180 
1.325 
6. 250 
2.570 
.060 



3.125 
3.100 
6. 357 



37.877 



1883. 



12.750 

9.251 

3.305 

.900 

.350 



.290 



2.115 

15.304 

6.448 



50. 713 



1884. 



10.639 

6.065 

3.650 

1.654 

.547 



.010 

.035 

1.010 

1.936 

4.350 

.240 



30. 136 



1885. 



10.370 

4.165 

1.640 

3.430 

.050 

.400 



.700 

.080 

3.910 

6.910 



31. 655 



1886. 



5.820 

9.865 

8.260 

.580 

.420 



.525 
2.205 
3.860 
5.460 



36.995 



1887. 



&910 

2. .'560 

1.685 

.350 

.375 



.140 



3.065 
10. 170 



27.255 



1888. 



6.065 
6.625 
2.745 
5.158 
.170 
.905 



.045 
1.330 
7.220 
7.885 



38. 148 



1889. 



6.930 

2.885 

2.590 

.840 

.100 

.280 
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ADDual average dnring ten years, 35.146 inches. 

JSo HtatiHtius are kept of tbe amouut ot the aunuul raiu-fall in the 
moantHiiiB ami tlie iuterior, but it is variously e«tiuated at from 15 to 
50 inuhes, auconltug to locality. 

Tlie precipitations are: Dew duringtbe summer and tbe fall more or 
less pleutiliil. Very plentiful in. spring, sumetimes sufQcieut to ripeu 
tbe grain, wbeu raius ceaae early. 

In February, March, and April hail-stormR are not nncommou. If 
tbey occur bkte they are apt to destroy the mulberry leaves and the 
vine. 

Snow falls on the mouDtaius and in tbe interior, but no statistics are 
kept of the quantity. 

Generally the country is at least five months \Titbout any rain at all, 
aud a month after the last rain-fall the land is dried ap to tbe depth of 
the roots of the trees, causing a total cessation of all %'egetable life, un- 
less irrigation is resorted to. May is tbe last month in which raio falls, 
but the copious down-pours really cease with tbe end of IViarcb or be- 
ginning of April. 

{6) Antiquity of irrigating syitems, etc. — All the existing irrigation 
works are of considerable antiquity, some date from time immemorial. 
On the right banks of the Dog River, about 5 miles north of Beirut, 
there still exists an old aqueduct, built upon arches and partly cnt 
through the solid rock, running along the river side, whicb is said to 
date back to the time of the lioman occupation. The present use is to 
convey water for the irrigation of a vast tract of land, aud to furnish 
the dtimeatic supply for tbe village of Jumi, etc. 

Tli<- uih»^ •A' :i]ii.iliov nf|nednet,wber6the water was conducted over 
ii\,-i ;iikI li.ilf, air still to \w s.rii in ihi' viilli-j of the Beirut Itivw, 
;ibnul « ni)lf^al."\c 11- 111, >i. 111. 

The\vali'i-wuik> ^iii.l i-uiniiiirs dl' l);ima«cii8, Tripoli, Horns, find Ha- 
tuatlt.are id.so ol ^n;ii iiiilii]iiit.v, ;Liid (he water is conducted by means 
<Mref^ul» uf iiiiiMiiirv; or wliiTc rliis was iiiipniuticable, through eurthen 
pipes and MPiiii'liiii''s also ilndiii^h stones scoo|ied out for this purpose. 

Tlir iiiififiil iriiiials ill tlie |il;ii[is of Mesopotamia, between the Eti- 
[ihtiiti-s ;iimI Tij^ris ;irc still cNrant ; but they are choked up with Ihe 
acciitiiLihiti'd rnlilhisli i>ici'Tiuiiir.s, which, with a little energy and bard 
work, liuwcviT, roulil i';isil\ W. removed. (See also tlie report of Ihs 
" Accitllailji" ilistrict ;iud the anuex to the "notes on irrigation " in 
the Vilayi-tof Adiinii.) 

No maps or piildiciitioiis beariug upou the subject ot iiiigatJoii, etc., 
exist in the province of iSyria. 

UI<:»EBAL REMARKS. 

T*niler iiritiiilinn iirc ii^nally placed lands lyiug along tbe foot of a 
uioiintiiiti, til in wliicli rivers, streiiiiis, s]iriiigs, or Other water-courses 
tiow, anil whieli. by leusun of Iheir gentle slope, adapt themselves ad- 

lii Ij'eiiiit till- nrt'ji nndi'r iirigalion extends abont 5 miles in one 
direclioii iiiid 8 or!) in nnollioi. and llie necessary supply of water is 
t'ui'iiiKlied by tlie I'.einit Kiver, conducted tlirongh live canals. Another 
Btn|> of viii\iiin will til niid;ibunt IJ iiiilcs in length runs along tbe Med- 
{((■iiiiiiiMii s,a, ;iiiil is iiii Jill led by tlie waters of tbe Dog River, tlie 
piiwi'tiiil .-I'liii^ oi Atiti'liiis and other springs of minor capacity. 

lilt.' iiii-;ili'd Imiils in tlieuc districts are planted priucijially with 
mnlbt-i ry tirr^ I'm the silk industry, besides all kind of Vtigetabltis aiid 
gardei "" 
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At Tripoli the irrigated lands consist mostly of orange groves, about 
5 miles square* in extent, which, however, tbere is no lack, for the 
river that flows down from Mount Sanuin (of the Lebanon range) fur- 
nishes an abundant supply, sufficient also for the ancient Tripoli city 
water works. From Tiipoli northward there runs a narrow strip of 
land between the sea and the mountains of about 1 to 2^ miles in 
breadth and about 16miles in length, irrigated from the waters of springs 
and rivulets which have their sources there. Onions are the principal 
product of these lands; they are annually exported in large quantities 
in small sailing vessels. In the interior of the country, wherever there 
is artificial watering, " durah ^ or maize is generally grown, and is said 
to be quite remunerative ; but it will not prosper without water. 

Between Tripoli and Homs, in the valley of theNahr ''Jabir^' (River 
Eleutherus), large tracts of lands are thus year after year planted with 
" durah.'^ The crop per acre it has not been possible to ascertain with 
precision, but it is asserted by an eye witness that the best-looking of 
these fields would compare very unfavorably with the corn fields in 
Illinois, for instance, and that they would probably not produce much 
more than one-half the average yield of American farms. Upon the 
highlands (plateau) traversed by the river Orontes there is very little 
irrigation, lor the river itself has, in the course of centuries, imbedded 
itfeelf so deeply that the ancient water conduits can no longer be 
utilized and new ones have not yet been constructed. The conveyance 
of water in general is by means of canals or ditches expressly dug for 
this purpose, where they do not already exist, or where the water does 
not run of itself; the canals are usually very old, but are uot kept in 
very good repair. 

Ihe waters of springs are carried into cisterns or tanks built of ma- 
sonry, well cemented, which are usually emptied each day; large reser- 
voirs are unknown in Syria, and the maxim among the natives in force 
is : *' That irrigation is only profitable where the water runs unaided 
by man,'' that is to say, where condicts and consequently pecuniary 
outlays are unnecessary. Their ancestors were apparently of a different 
opinion, judging from the numerous works left by them scattered broad- 
cast over the land. 

Of modern irrigation and water works, the Beirut Water Works take 
first rank ; they are the property of an English stock company, which 
furnishes Beirut with an excellent quality of drinking water at fixed 
rates, as well as a needful supply for irrigating purposes at reasonable 
charges. 

Sidon a few years since built a pipe line to convey the waters of a 
spring or springs, situated about 2J miles distant, into the city; and 
the municipality of Homs, three years ago, also contemplated the intro- 
duction of water works, but the project failed through the opposition 
of the city of Ham ath, which apprehended a decrease and even a 
scarcity^ of water for its own supply. 

Several eftbrts have been made by an intelligent and enterprising 
mechanic, established in business in Beirut, a citizen of the United 
States, to introduce mechanical and steam power as a profitable means 
of artificial irrigation. The first attempt made by him was in a region 
lying between Tripoli and Antioch, a broad plain traversed by a num- 
ber of rivulets, whose beds, however, had become so deep that canals 
could no longer be made serviceable as conduits or conveyances of their 
waters, especially as there was not sufficient fall or headway. 

A rich Arab who had seen the irrigation works in Egypt, conceived 
the idea of applying them practically to his lands situated in the dis- 



trict above mentioned and went so far as to order a macbine of five 
liorge-power. The pump was a "pnlsometer" with 4-tucb pipes, and 
the water had to be raised to an elevation of about 30 feet. The pump 
was guaruDtJed to lift 750 litres or ll>6§ gallons per minute; it worked 
for forty days, fulfilled all its expectations, and would have been capa- 
ble of irrigating an area of at least 80 acres in extent; but it appears 
that the fuel proved too expensive, wood being scarce and coal very 
dear, so that the experiment has been for the present at least aban- 
doned. 

A second attempt was made in tbe spring of this year in " Hazmyeh," 
Id the neighborhood of Beirut, and notwithstanding that tbe water had 
to be elevated fully 130 feet, proved entirely successful. 

Tbe water is first raised about 10 feet from a well dug close to the 
Beirut Biver, by means of a cylindrical pump worked by a Bt«am motor 
of three horse-power, and then forced through iron pipes along a hill 
to tbe height of 120 feet into a basin holding about 90 cubic meters, 
3,643 cul)iu inches of water, for irrigating purposes. Tbe basin can be 
filled in about six or seven hours, and the capacity per hour therefore is 
about 14 cubic meters, or S31 cubic inches. Tbe investment seems to 
have proven an entirely satisfactory one in every respect. 

A " Hallooday " wind motor has also been in operation near Beirut 
for over four years, which raises water to a considerable height and 
works satisfactorily. In general, irrigation as practiced in Syria does 
not entail any greater or other expense than the cost of maintaining 
the canals, conduits, etc., in good repair; but this, it must be repeated, 
is not always done. 

Irrigation, as has already been shown, is regulated entirely by usage 
and well established rules, and every parcel of land has a right to the 
use of water forcertain well fixed length of time. For instance : A small 
proprietor near Beirut has five acres of land; every Friday he can take 
as much water duringsix hours as he may need to thoroughly saturate 
his land; if he fails to take ad vantage of his privilege, he simply forfeits 
it without being indemnified therefor. Where water is scarce, as in 
maoy places in the mountains, it is often divided into hours and even 
fractions of hours, and good care is taken that no one receives or takes 
more that bis allotted share. The sole owner of a spring — a rare occur- 
rence, however — may of course use the water thereof athis own pleasure. 

It is worthy of remark that in Mount Lebanon the waters of every 
spring, no matter how limited its capacity, is caught up into cisterns of 
goodsobd masonry,andis utilized for irrigating and domestic purposes, 
and no matter how steep tbe mountain sides or bow poor the soil, the 
smallest available and tillable space is planted with onions, vegetables, 
ti; "linil, ;iinl lliii^o aud wmctimcseveu tour crops are thus 

Thr I ,,iil- ;-i \lii;iTit Li'li;i]io]i !iri' ox<'<"'iilionally well kept, and tie 

population i«I>rniui]tiil[.v >■ iKisi'ilufObristiaus {Maronites and Greeks, 

etc.), and JJruzes, Willi ;irc i|iiitf iiroaiierous, and whose destinies are 
presided over by a (.'lii'isti;iii governor- general. 

If the foregoing nott-.s dcj uiit cuutniii much of practical valoe or im- 
portance for the imrpusps intended, they may at least serve to impart 
some interesting if not uscfnl iufurmalion regarding the people of the 
oldest country, and of their Linceators tbe FhteniciaDS, wbicU may net 
be generally known in the United Slates. 
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Annex B. 
irrtgation, etc, in the bistbict of acca-haifa (sybia). 

From materials furnished by Consular Agent J. Sohumaoher and Civil Ez^neer 
O. Schumacher. 

The Acco- Haifa district and the region of the Hauran probably offer little in the 
way of irrigation that will prove of much value or interest, for the purpose of the 
Stato Depui;ment would appear to be to secure information of a practical character 
on a larger scale. 

Interrogatory No. 1, '< areas of land under irrigation^" etc., of which the sucoeed- 
ing-five interrogatories are merely an elaboration, can be summarily answered by the 
statement that there practically do not exist in Gallilee, in Nablus, or in the Jordan 
Valley any irrigation works in the full sense of the word as understood in the United 
States, and that land under irrigation in those districts is almost wholly unknown, 
forming but an infinitesimal — ^probably not more than the two-hundredth — ^part of the 
whole arable land. 

In the Jordan Valley, on the Httl6 (sea of Merom)^ north of the Batil6a and south 
of the Lake of Tiberias, also in tho Wad el Arab and Wad el Tanjibe, the Bedouins 
irrigate small parcels oi about 10 to 60 acres, upon which ^^durah" (maize) is grown, 
yielding annually two and even three crops. This result is due in part to the excep- 
tional climate of the Jordan Valley with its tropical heat — a perfect hot-house — to 
the rich alluvial soil washed down from the basalt mountains, and also, perhaps, 
chiefly to the great abundance of water in the Jordan and Haromax (Arab, Sheri'al 
el Menadlse) ; whereas the higher regions of Palestine and the littoral of the Mediter- 
ranean Sea are comparatively too poor in water supplies to enable their inhabitants 
to irrigate their lands to any great extent. 

The irrigation process in all these districts supplied by water is of the simplest 
and most primitive character. In the early morning or shortly before sunset, youn^ 
Bedouins in a semi-nude state may be seen roughly constructing from stones and 
earth a temporary dam to obstruct the waters of a stream or wadi (valley) while 
others provided with broad hoes dig little ditches, through which they lead tne over- 
flowing waters to be distributed over the parcels it is intended to irrigate, allowing 
the water free course in the lower lying lands, thus inundating or rather completely 
setting them under water. These manipulations are of daily repetition ; the dams 
have to be regularly rebuilt, for the pressure of the water causes their daily destruc- 
tion, and it is interesting to watch with what assiduity and perseverance these 
Bedouins are continually remaking and renewing the little ditches or canals which 
need their unremitting attention. 

Reservoirs, basins, tanks, etc., do not exist, and the systems in practice here will 
therefore scarcely commend themselves to the inhabitants of more progressive coun- 
tries. 

Here and there, along the sea of Tiberias, remnants of ancient Roman irrigation 
works may be met with ; but they are in such a deplorable state of dilapidation 
that of their original construction only a catchment basin remains near the head of 
the spring and a portion of a conduit (in masonry) is also yet in a fair state of 
preservation. The original character or the practical application of these ancient 
works can, however, no longer be established or recognized ; for the Arabs not only 
made no use of them, but allowed everything to fall into decay and ruin, preferring 
the antediluvian ways of their own ancestors to the innovations of the Koman in- 
truders. 

In response to interrogatory No. 4, it may be said that '* the system of water dis- 
tribution," etc., depends wholly upon local custom as regulated among the different 
communities themselves. If several inhabitants of a village, for the purpose of irri- 
gation, desire to utilize a spring in common they will use and distribute the waters 
thereof in conformity with localtradition as sanctioned by the municipal authorities ; 
such at least is the custom or practice in this vicinity. In all cases the proprietary 
rights of a village spring remain vested with the community, and the spring itself 
can never be sold. 

The climate (question 5) in the irrigated districts of the Jordan Valley and in the 
arable lands bordering the Lake of Tiberias is, on the whole, rather insalubrious, 
engendering malarial fevers caused by the evaporation (exhalations) during the heat 
of the day and the rapid cooling off at night ; in other words, owing to the sudden 
change and wide range of temperature. 

For habitation, irrigated districts are oarefally avoided in these parts, and as a rule 
only negroes are capable of withstanding the deadly effects of the miasmata. 

According to careful 6bservations and measurements in Haifa during a period of 
twelve years, the Phiviometer registered from 19.69 to 34.04 Inches per year ; last 
year it reached 33.86 inches. The yearly average, however, may be taken to be 26 
inches. 
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A draw-well in almost unlveTsal use in these regions, and by far the most practical 
and cheapest method of irrigating small parcels and gardens, is the ^'Hanani,^' a 
sketch of which in its improved form as in nse by the Haifa German^ American Col- 
ony is annexed herewith. 

The ** Hanani/^ as used by the natives, is of a mnch more imperfect and primitive 
constmction than that of the colonists. 

It may be worked by either donkey, mule, or horse (wholly unattended), and can 
b^ utilized to a depth of 150 feet. The size of the well buckets decrease in proportion 
to the profundity of the well to allow the ** Hanani" to be worked by a single ani- 
mal of either of the above species. 

The amount of water raised diminishes in consequence with the increasing depth 
of t)ie well, and the following table will serve to illustrate the practical results ob« 
served: 

i>i»^»^ ^^ »v..<.,.^«4t»» Depth Amount of water raised per 

Place of observation. ^, J"^,, I y^^^ ^ gaUons. 



1 




Haifii...! 25 6,200 liter8*= 1,144* gallons. 

Hai& 30 4,000 liters = 889 gallons. 

Gaza (Palestine) 146 2,500 liters = 555* gaUons. 

SeaofMerim 15 6,500 liters = l,444f gallons. 

* Four and a half liters eqoal 1 gallon. 

Of course the employment of steam would greatly increase these figures. 

These quantities will vary according to the working capacity of the different ani- 
mals employed, and the above figures were obtained by well-nourished animals, rest- 
ing one hour after every three hours of consecutive work. The principal basin is gen- 
erally replenished in from six to eight hours. It is constructed of masonry and well 
cemented, and ordinarily was 20 feet in length, 18 feet in width, and 7 to 8 feet in 
depth. 

The main basin empties itself into a smaller one, 4 feet square by 2 feet deep, from 
which the water is conducted directly into the main irrigating canal, made of ma- 
sonry, and situated in the most elevated part of the land, which feeds the numerous 
little ditches that distribute the water over the garden or field to be watered. The 
'^Hanani "ib of great durability and seldom needs repairs, especially if the water is free 
from saline particles ; it is of the simplest construction and can be handled by the 
most inexperienced person. 



BEPOBT ON lELIGATION IN THE CONSULAR DISTRICT OF MEBSINA 

iASIA MINOR), SYRIA. 

In the Vilayet of Adana, Syria, there are about 4,740^000 acres of land cultivable, 
but no irrigation works. 

In the plain between Mersina and Adana there are about 400,000 acres irritable, 
and between Adana and Missis about 350,000, through which there are three nvers, 
the Cydnus, the Sarus, and the Pyramus flow, but up to the present there are no irri- 
gation works. The consequence is that for the last four years part of the crops has 
been completely destroyed, and what has succeeded could not be produced at prices 
to compete against the American and Russian markets in Europe. 

The Turkish Government, on the pressing demands of the agriculturists, have re- 
cently taken the matter of irrigation in hand, and His Excellency the Vuli Sirri 
Pacha asked me to assist him in making the necessary surveys and plans, and I have 
just handed him the plans to irrigate a portion of' the plain from Taraus towards 
Adana for a distance of about 15 miles, which can be done at a very small cost. The 
other parts of the plain, however, towards Adana and between this latter and Jiissis 
will cost about £400,000 to irrigate properly, and although this sum would be com- 
paratively nothing compared with the results, yet the Government, in order to avoid 
this outlay, want to try to make these irrigation works '* a la Turque " if possible, 
but unless they are carried out by a competent company I am afraid it will be a fail- 
ure. 

The principal crops grown are cotton of very short texture, about 16,000 tons ; wheat 
and barley of second quality, about 25,000 tons ; sesame seed of first quality, about 
4,000 tons ; raisins of very inferior quality, about 4,000 tons.* 

The soil is partly red and partly sandy. Rain-fall averages 22 inches per annam. 

The antique irrigations simply consist of the cultivators in the immediate neigh- 
" ^ ' of the rivers and mill streams taking advantage of the water passing their 
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NOTE BY THE BEIRUT CONSULATE ANNEXED TO THE BE POET OF THE 

''MERSINA CONSULAR AGENCY J' 

In olden times the vast plains of the Vilayet of Adania, Syria, were entirely irrigated 
by the rivers that pass through them. The Romans were in the habit of damming out 
the required qnantity from the waters of the Djihoan, Seihoan, and Cydnas, and, con- 
ducting it to the foot of the mountains, form a high level on both sides of the rivers, 
along the surface of the ground, accumulating earth on both sid.es of its banks, mak- 
ing in this way a wide, ni^h canal, extending from the mountains on both sides of 
the rivers in various directions to the sea. The farmers had thus the water within 
their reach and could easily, and at little expense, by means of subsidiary canals, con- 
duct any portion of it to irrigate their lands. 

These long and ancient canals, extending ft-om the foot of the mountains to the sea 
in all directions, are still extant, and need out to be freed from the rubbish that cent- 
uries have accumulated to be again serviceable. 



REPORT FROM HENR7 GILLMAN. 17. 8. CONSUL, JERUSALEM, ON 

IRRIGATION IN PALESTINK 

With the exception of Jaffa and its immediate neighborhood, there is 
no part of this consular district in which any extensive and systematic 
attempt at irrigation according to modern methods is made. 

THE JORDAN VALLEY. 

In the Valley of the Jordan, which contains from 500 to 600 square 
miles of some of the richest land in the world, and which is never 
visited by frost, being from 700 to 1,300 feet below the level of t\i% 
Mediterranean Sea, and where, with its semi-tropical climate and facili- 
ties for irrigation, several successive crops, may be produced annually, 
only the most feeble and primitive methods of conducting tbe necessary 
water to the few and ill-cultivated fields are followed. This unique 
valley, capable, with proper agricultural treatment, of sustaining an 
immense population, has no settlement worthy of the name. The wild 
Bedouin Arabs range throughout its length and breadth, and in de- 
fiance of the Turkish Government, which have in vain attempted to 
drive them out, come and go at their own free will. 

Small fields, gardens, or patches of ground are here and there culti- 
vated in the neighborhood of some stream having its source in one of 
the perennial springs of the region. From such a stream the water is 
conveyed in shallow drains or ditches to wherever required, and is car- 
ried through the fields or gardens by still smaller channels, the water 
being shut off or let on simply by the action of the foot, opening the 
tray inlet, or blocking it up with a few pebbles or masses of clay, as 
may be desired. This is a habit as old as the oldest writings, and of 
which mention is made in the Bible. ** Where thou sowest thy seed, 
and waterest it with thy foot, as a garden of herbs.'' (Deut. 11, ^.0.) 

Only the common farm crops are cultivated ; but they are of specially 
exuberant growth. 

At !Nablous, or Ancient Shechem,or Sychar, similar methods in gen- 
eral are followed. The comparatively few fields and gardens are well 
watered from the abundant streams which have their rise in the Mounts 
Gerizim and Ebal, making it a spot of beauty in the midst of wild and 
unreclaimed surroundings. In one or two instances here there have 
been made soirte efforts at a more enlightened system of irrigation, the 
water irom the clear and copious springs being conducted by aqueducts 
of stone masonry, and more satisfactorly supplied. The result in the 
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lazariant gardens, in which most of the various kinds of fraits and 
yegetables suitable to the climate are found, testifies as to what might 
be accomplished were more intelligent, systematic, and thorough meas- 
ures adopted. 

Throughout Palestine a very little water produces a wonderful result 
The soil, naturally fertile, immediately responds to theeffeot of the per- 
iodic rains. The bursting of the land into bloom after the first heavy 
showers of the rainy season is a sight never to be forgotten* The hill- 
sides and valleys that through the dry season had lain burnt up and 
barren, like a calcined bone, are suddenly, as if by miracle, turned into a 
garden of the most brilliant blossoms ; the scarlet ranunculus and 
anemone, pomegranate, and many other flowers and shrubs only known 
to us in cultivation, << making the wilderness and solitary place rejoice 
and blossom as the rose." 

THE KING^S aABDEN, JEBUSALEM. 

In the valley of the Kedron, on the southerly side of Jerusalem, is the 
king's garden, which dates back to the time of Hezekiah, if not to that 
of Solomon. It is mentioned in Kehemiah (3, 15) where it speaks of 
<* Siloah by the king's garden." 

The few acres which are at present under cultivation here are irri- 
gated in the usual simple manner. The source of the water supply in 
the celebrated pool of Siloah, or Siloam, a reservoir 53 feet long, 18 
feet wide, and 19 feet deep, which is fe<i through a subterranean con- 
duit by the overflow of the pool of the Virgin, an intermitt^oit spring 
about one-quarter of a mile to the northward. The water is conducted 
from the former pool partly by underground drains, regulated by the 
most primitive of sluices into smaller channels in the direction required, 
where still finer ramifications or branches distribute it to the drills or 
rows in which the crop is planted ; much as in the ot^er instances men- 
tioned, and with as little regularity or system. 

In these garden plots all the ordinary vegetables and many kinds of 
fruits are produced in good quantity and of fair quality. And up the 
terraced slopes, even to the very walls of Jerusalem, some of the largest 
cauliflowers come to perfection, and are in the market in the months 
of February and March. This vegetable sells at the rate of three heads 
for 12 cents. 

There is no special regulation as to the use of the water other than 
that of the most patriarchal kind, the owners of the adjacent land hav- 
ing free access to the pool for all requisite purposes, including house- 
hold uses, and the wateringof their flocks andherds^ Much of the water 
is also brought into Jerusalem for sale in goat skins. 

KING SOLOMON'S POOLS ANB OABDENS. 

Aboiit 8 miles to the southwest of Jerusalem are the wonderful pools 
of Solomon ; while, below them, in the narrow valley of TJrtas, lie the 
renowned gardens of the wise king, except the garden of Eden, I sup- 
pose the oldest recorded gardens in the world. These works are men- 
tioned in Eclesiastes (2-46) as follows : 

I made me great works ; I bnildedme houses ; I planted me vineyards ; I made me 
gardens and orchards, and I planted, in them, all kinds of fraits; I made me pools of 
water ; to water therewith the wood that bringeth forth trees. 

There is little doubt, too, that the scenes depicted in that beautiful 
oriental love-song — ^' The Song of Solomon,'' found here their original. 
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Josephas also speaks of this place : ^' Very pleasant it is in fine gardens, 
and abounding in rivalets of water," and tells us that Solomon was wont 
to visit it frequently, describing him as driving out there in the morn- 
ing sitting on high in his chariot, clothed in white, and surrounded by 
his handsome mounted guards, all of great stature, and in the flower of 
manhood, arrayed in Tyrian purple, and in armor, their long hair sprink- 
led with gold-dust. It would be difficult to' overestimate the noble 
cliaracter of those remarkable works, especially considering the periods 
in which they were constructed. 

The pools consist of three enormous reservoirs, partly cut in the 
rocks, partly built of massive marble masonry. Their dimensions are 
as follows: The upper pool, 380 feet long; breadth at east end, 236 
feet ; at west end, 229 feet ; depth at west end, 25 feett 

The middle pool, which is distant from the upper pool 160 feet, is 248 
feet long; it is, at east end, 250 feet broad, and at west end, 160 feet, 
while the depth at east end is 39 feet. The low^r i)ool, 248 feet east- 
ward of the middle pool, has a length of 582 feet; a breadth at end, of 
207 feet, and at west end, of 148 feet ; and a depth at east end, of 50 
feet, having sufficient capacity, as Dr. Thomson has said, ^^ to float the 
largest man-of-war that ever ploughed the ocean." Each pool over- 
flows successively by. regulated sluices into the next below it, in the 
order here given, the last pool emptying its superabundant water into 
the valley. 

Those venerable structures are at the present time in an excellent 
state of preservation. They are said to have been repaired by Pontius 
Pilate, which would be ftbout 1,855 years ago. 

The source of the water supply is the sealed fountain of Solomon, 
at the foot of a hill a short distance west of the upper pool. This 
fountain is always kept locked, hence the name. A flight of twenty 
steps descend from an arched doorway into an underground vaulted 
chamber, where four streams of pure and cool water converge. This 
fountain also aiforded in former times a constant and abundant supply 
of water to Jerusalem, a goodly stream being conveyed by the carefully 
and skillfully constructed stone aqueduct of Solomon, which demon- 
strates that they understood at that early day the principle of the 
syphon, having introduced it into the Holy Temple indosure. 

About two years ago, the less ancient Saracenic aqueduct being put 
in repair, the water was once more brought into the site of the temple 
area, and into the so'-called Fountain of the Gup, which stands between 
the Mosque of Omar and the Mosque Al Aksa, and doubtless marks the 
site of the brazon laver made by Solomon for the ablution of the priests 
in their sacrificial worship. 

But the aqueduct soon again lapsing into disrepair, the water is, at 
present, barely conveyed in small quantity as far as Bethlehem, of which 
town it is the principal supply. 

Of the 75 acres of land below the pools, in the valley of (Trtas, 2& are 
under cultivation, and are irrigated. 

Independently of the pools, the garden lands of the valley are also 
largely watered from a separate copious spring, which has its rise in the 
side of the mountain and at the foot of the village of Urtas. The soil 
is a red clay, exceedingly fertile, and to this day the finest fruits and 
vegetables in the Jerusalem.market come from these gardens. 
^ Of the fruits produced may be mentioned apricots, peaches, necta- 
rines, apples, prunes, plums, citrons, lemons, pomegranates^ mulberries, 
figs, and grapes. The vegetables include peas, beans, beets, ockra, 
^SS'Pl&i^^ onions, leeks, garlick, potatoes, turnips, cabbage, cauliflower, 



carrots, cacnmbers, pampkins, vegetable marrow, tomatoes, and rad- 
islies. 

About two-fifths of tlie land beloug to three Enropeane, and the re- 
mainder is owned by the Dative Syrian fellahin (peasantB). 

The distribntion of the water is regulated by the old custom or sys- 
tem of "faesels;" a night and a day forming a *'fassel." Each family 
owning land there knows, from time immemorial, its respective rights 
and share in the "fasset " of water. Some have an entire "fassel,"and 
again the same is divided among the different members of s family to 
irrigate their respective shares of land. The water is carried from one 
plat to another by drains in the usual simple manner already described. 
The Enropeans who own land there have made, however, a cemented 
conduit to convey their share of water into their ground. So statistics 
are obtainable, none ever having been kept, as to the doty of water 
per acre. 

TSo special rent or fee is paid for the water used, nor are there any 
charges on the land in connection therewith, the only payments made 
being the usual government taxes, the werko (land taxes) and usfanr 
(titles). 

Solomon's Park, the Sealed Fountain, and the Aqueduct are pnblic 
property, and are nnder the control of the Tnrkish (jovemment. 

JAFFA AND ITS ORANGE GROVES. 

The town of Jaffa, looking down from its pleasant elevatirn, on the 
one side on the deep blue Mediterranean and'on the other on its multi- 
tudinous palms and odorous orange groves, may well be considered 
entitled to its name, which, softened in the Arabic pronunciation to 
Jaffa, means "beautiful." 

The orange groves and gardens and their system of irrigation, though 
they have been greatly extended within comparatively recent times, 
have unquestionably au origin of quite respectable antiquity. 

(1) The area of land under irrigation at Jaffa would exactly include 
the space occupied by its orange groves, being nearly one-third of the 
cultivable ground belonging to the community, that is, of 9,000 acres of 
cultivable lands about 3,001) acres are under irrigation. 

The orange and the lemon are the chief crops; bat other fruits, each 
as citrons, limes, peaches, apricots, grapes, pomegranates, and melons, 
and all the ordinary garden vegetables are also produced in abundance, 
and of fine quality. The vine especially is of late receiving much atten- 
tion, and within the last few years extensive vineyards have been 
planted. Neither the vine nor the olive,of the latter of which there are 
many groves, require any water other than the usual rain-fall. 

The superiority of the Jaffa orange is world renowned, whether its 
size, juiciness, or flavor is considered. 

In an average season oranges and lemons, together with other fraits 
and vegetables, to the amount of $335,000 have been exported from 
Jaffa. Besides this is the immense home consumption, of which there 
is no record. 

(2) The sources of the water supply are wells which are fed by under- 
ground springs. 

(3) The engine in use for raising the water is in e^ery case without 
exception the so-called bajara or bayara, a modern machine of the most 
simple constmction. driven by borse or mule. 

Its principal parts are a whim-beam or capstan, with horizontal wheel 
attached moving a vertical wheel connected by shaft with a ibiiil wheel, 



DUTY OF WATER IN AND CLIMATE OF PALESTINE. 295 

which earries at its circumference a chain of pendant reversible buckets. 

A pole inserted in the whim-beam is fastened to the horse or mule, 
with the monotonous circuit of which animal the entire machine is set in 
motion, the wheel with buckets revolving in the well dipping up the 
water and emptying it into the conduit or tank. The tanks are usually 
close to the wells, and are cemented basins, built of stone. They are 
filled during the day, the water being. distributed from them, through 
the various channels, during the night in order that the loss by evap- 
oration may be reduced to the minimum. 

There are about seven hundred of those bajaras at work at Jaffa. 

(4) The system of water distribution, being entirely under private 
control, is governed by neither law nor regulation. 

The quantity of water used per acre during the seasou of twenty- 
three weeks or one hundred and sixty-one days is 2.300 cubic meters, 
at a cost of from 20 to 25 cents per diem. Thus, for instance, the 
average expense for irrigating an orange-garden with an area of 5 
acres would be for one hundred and sixty days, at 20 cents, $160. The 
value of the crops might be estimated at from $500 to $700. 

(6) Owing to the peculiarity of the climate, the orange groves are 
obliged to be watered during the summer months, or rather during the 
** dry season," when no rain falls ; that is, from May till October or No- 
vember. The rain-fall in the winter months, or say from November till 
May, varies from 17 to 30 inches. The average temperature is, in the 
day-timCy from 70 to 90 degrees Fah.; during the night from 53 to 56 
degrees. 

The soil in the orange groves is of mixed clay and sand, with rather 
more of the latter than of the former. Is exceedingly fertile, and is 
particularly well suited to the orange. 

(6) As to the antiquity of the system of irrigation, the close resem- 
blance of the bajara to the Spanish "moria," has induced many persons 
to imagine its being introduced here at some early period from Spain. 
But as the family likeness of these wheels to the ancient Persian wooden 
water-wheel is equally great, and as the Crusaders, in the eleventh cen- 
tury, are reported to have found the orange-tree {Citrus aurantium) 
already in Palestine, the actual system of irrigation may as well belong 
originally to this country, or to the East, and may have been intro- 
duoed from Persia. 

GENEEAL REMARKS ON THE CLIMATE. 

In addition to the facts already given respecting the climate of Pales 
tine, I add the following remarks : It is evident from the statements of 
history, both sacred and profane, as well as from other testimony, that this 
country in former ages was not only under a more general and thorough 
state of cultivation as regards its agricultural districts, but also that it 
possessed extensive tracts of forests, which have long since disappeared. 
Consequently its rain-fall was more favorably regulated, being more 
equable in its distribution. The result would naturally be not only the 
temporary advantage of the improved growing crops, but the enrich- 
ment of the soil and the permanent benefit of the land. 

At present, seasons of almost tropical rain are followed by the long 
dry period in which not a drop of rain falls, and nearly every green herb 
perishes and burns up for the lack of moisture. Swept by the resistless 
torrent of the "rainy season,'' the higher lands are stripped of their soil 
and entire districts are seen in which the bare and barren ridges of rock 
crop out like the bones in the skeleton of some gigantic animal. 



The phenomenoQ of the " air cnsuion " is seen here to perfection. Be- 
fore a rain sets iu it generally takes several days of incubatory prepa- 
ration before the result comes. Great clouds roll up and cover the en- 
tire heaveus with their dense masses ; bat iu vain they attempt to dis- 
charge their contents, or if they ancceed in dissolving, the thirsty at- 
mosphere drinks up the moisture before it ever reaches the earth ; and 
this muBt continue until the intervening strata comimsing the "air- 
cuahions" are sufficiently saturated to permit the rain to fall throngh, 
which then occurs in a violent and often injarions downpour. Deprived 
of the gentle mediation of the growing crops, and especially of the for- 
ests, which wonld have established the proper relation and a just eqni- 
librinm, through their coutinnal evaporation, the parched ground lan- 
guishes for the rain that is denied it, or that, when given, comes in 
almost an unwelcome shape. 

During the serious drought of 1887 and 1888 this phenomenon was 
seen in an extreme degree, weeks, and even months, passing without 
adequate rain, though the greater part ot the time the heavens were 
dark with clouds. 

The intervening unsaturated " air cushion " drank up the contents of 
the clouds, aa already described, so that little or no niin eonid pasa 
through it. 

It is thought that the agricultural colonies established here within 
recent years have already begun to produce a perceptibly beneficial ef- 
fect iu this direction, but probably it is too soon yet to look for any 
decided change. 

REPORT OF W. C. ZJMMET, U. S. COUBXHi, BMTRNA, ASIA UINOR 

There is no irrigation practiced in this or any other district of Asia 
Minor, except in kitchen or fruit gardens in the neighborhood of large 
towns. 

In these cases the supply of water ia from wells on the premises, anil 
the machinery used is a large wlieel-bucket pump, worked by a horse. 

These wells are of various depths and the supply of water utterly 
fails iu some during long-oontinned droughts. 

No water- works or artificial lakes are to be found anywhere, although 
there are numerous rivers, streams, and lakes which could be adapted 
to overcome the effects of the dry season, which usnally lasts from five 
to six months. 

These water sources belong mainly to the Government, in some in 
stances to religious communities (mosques), but the right to use the 
same can be obtained at moderate cost- 
In this section the yield of crops depends on a merciful Providence 
in withholding rain during the growing and harvesting seasons ; the 
Ingenuity or industry of mankind takes but an insignificant part in pro- 
ducing large crops. 

Although the largest revenue to the Government is derived fi?oni 
tithes on agricultural products, the over-taxed peasantry labor under 
great diGGculties and receive no encouragement or assistance from the 
Government. 

The area of irrigated land does not amount to 1 per cent, of the 
arable land in this province. 

The annual rain-fall rarely exceeds 26 inches per square foot, in fact, 
that is considered an ample supply. 

The proportion of irrigated surface is so small that no perceptible 
effect is made on the ciiraate of the district. The soil is mainly a 
-AUdy loam. 
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THE IISDIAN OCEAIf . 

REPORT FROM ALHX. R. TVEBB, T7. S. CONSUIi, MANILA, ON IRRIGA- 
TION IN THE PHILIPPINE (SPANISH) ARCHIPELAGO. 

Owing to the uumeroas streams that rise in the mouDtainous districts 
and flow through the low lands to the sea, as well as to the eopious 
rains, which will average 100 inches daring the year, irrigation is sel- 
dom necessary in the Philippine Archipelago. When it is resorted to 
the most primitive methods are followed. If the rainy season com* 
mences later than usual the rice lands are sometimes irrigated by dam- 
ming the mountain streams and turning the water over the paddy- 
flelds through small channels^ and in some eases the very old-fashioned 
cbain-bucket tvindlass is used. This is a simple contrivance, composed 
of a number of small, water-tight boxes, formed into an endless chain 
by means of stout rope or leather bands, which run over a roller 
aach(H*ed in a river or creek, and a windlass on the bank turned by 
hand or cattle power. This is also used, in some cases, during the dry 
season on the lands where '^ zacate" or swamp-grass, which is fed to 
horses and cattle, instead of hay, is raised. On the low lands near the 
coast, where the rivers and creeks rise and fall with the ocean tide, 
sluice-ways and gates are sometimes used to flood the zacate lands 
during the dry season. These flelds are seldom more than an acre or 
two in extent, and a comparatively small quantity of water is needed to 
flood them. The sluice-way is usually about 1 foot or 18 inches square, 
and when the tide rises the gate is left open until the required amount 
of water has entered, when it is closed and remains so until more water 
is needed. 

On an estate belonging to the Dominican Fathers between Calamba 
aiid Bruan, and on another owned by the Augustinian Fathers near 
San Francisco de Malabon, both situated on this island (Luzon), some 
irrigation is done during the dry season by turning aside the mountain 
streams on the zacate land, and near Oarite, about 27 miles northwest 
of Manila, a small stream is conducted through an iron pipe for about 
one hundred yards for the purpose of irrigating the paddy and zacate 
fields when water is needed. As a rule, however, the only irrigation 
received by the rice fields is irom the rain-foil. The rice is planted 
about the commencement of the rainy season and is harvested shortly 
after the opening of the dry season, which seldom continues more than 
three months. The atmosphere is always moist at night, and heavy 
dews keep the earth damp and prevent the vegetables from drying up. 

There is no portion of the archipelago where irrigation is conducted 
on an extensive scale and no means are known here by which the 
total area can be ascertained. All the irrigation is done on small 
patches of land and at private expense. 

There are no storage works nor any general system of water distri- 
bution for irrigation. The Spanish water laws are in force for the gov- 
ernment of the water supply used for household and «treet-sprinkling 
purposes in Manila, but among the general laws there are none upon 
the subject of irrigation. 



AUSTRALIA. 



There is perhaps no question that has attracted so macli general at- 
tentiou thronghoat New South Wales and the other Anstralian coloDies 
as that of irrigation and the reclamation thereby of arid lands. Bojal 
commiBsious have been appointed in the colonies for the purpose of 
coudncting inquiries in regard tq the best means for distribntion SDd 
conservation of wat«r. The peculiar physical formation of this great 
island continent, as shown in the absence of lofty snow-clad ranges of 
' mountains and great rivers, bad added an element of difficulty to the 
inquiries of the commissions. 

Id my report entitled "Irrigation," transmitted to the Department of 
State in 1887, I endeavored to summarize the results of the Sew South 
Wales water commission inquiry. My report was republished by the 
Government of this colony in book form, and a copy will be found along 
with the publications I send herewith under separate cover, a detailed 
list of which will be found at the end of this report. Since that date 
the commission has made a final report, and a copy of this is also for- 
warded in the same manner. 

It will be seen from the final reitort that a considerable portion is 
taken up with a discussion of the variona plans proposed for the utiliza- 
tion of the waters of the rivers Murray and Darling:. The following ue 
the conclusions at which the commission arrived as the result of their 
investigations : 

(1) That on water conservation mainly depend the prosperity and 
the development of the whole extent of the central and western divis- 
ions of this colony, and that though less required in the eastern divis- 
ion, it will add iu mauy places there also in an important degree to the 
productions, aud therefore to the value of the land, 

(2) That as the land-holders, as a general rule, are quite equal to the 
task of providing sufficient water for the stock which the land can carry 
under present conditions, GoverDmeut works for supplying water to 
stock are required only on a limited scale, and generaJly only on travel- 
ing stock routes. 

(3) That the great object of water conservation in this colony, and par- 
ticularly in the country west of the dividing range, is irrigation. 

(4) That the purposes for which irrigation is chiefly required are {a) 
to provide fodder and grain for horses, cattle, and stud sheep ; (b) to 
afford supplies to be kept in reserve for saving stock of all kinds in bad 
seasons ; (c) to produce fruit, vegetables, and miscellaneous crops, and 
(rf) to increase generally the productive powers of the land. 

(5) Tliat any well-conaidered and properly executed project for irri- 
gation in the country west of the dividing range would afford a good 
direct return on the capital invested, and would be a distinct benefit to 
the colony at large. 

(6) That legislation on the subject of water rights is a matter of press- 
ing necessity, both to protect the rights of the state and to foster and 
encourage local and private enterprise. 

The severe droughts in Australia, recurring periodically, constitnte 
the most serious difficulty against which the people have to contend. 
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AREAS OF LAND UNDER IRRIGATION. 

Irrigation works in Few South Wales have only been carried out 
on a very small scale by private enterprise by the squatter, a term 
applied to the occupiers of land in Australia, to provide fodder lor 
working and stud stock, and by the culturist for orchards, vineries, and 
gardens. 1 am informed by Mr. A. Pepys Wood, civil engineer, that 
no attempt has been made to irrigate agricultural holdings as such. 
The efforts, however, that have been made, limited as is their scope, have 
been found valuable, not only to the parties directly concerned, but to 
the public, as showing the wonderful results to be obtained from the 
soil and climate of the western districts, especially when a certain supply 
of water is available for watering. When this supply has been constant 
the results are said to have amply repaid the owners and to prove the 
large profits to be derived from such works if carried out judiciously on 
a lawful scale. 

The area of irrigated land in New South Wales is at present so small 
as to be scarcely worth taking into consideration. It is true enough 
that a few individuals have irrigated portions of their lands at their 
own expense, but the absence of any well-defined laws on riparian 
rights goes far to prevent the people from utilizing the surplus waters 
of the various rivers and creeks. The main dependence of the Aus- 
tralians, thus far, for their water supply has been on dams, tanks, and 
wells. 

In the Lachlan district a number of farmers have practiced irrigation 
on a small scale. Mr. T. Towser erected a pump about a mile from 
Forbes where there is a bend in the Lachlan River. The plant cost 
about £600 ($2,920). The plant consists of a six horse-power engine, 
a five-inch centrifugal pump, and 75 feet of piping. 

The pump lifts the water to a height of 38 feet and has power to bring 
up 2,500 gallons of water per hour. Mr. Towser, during the drought of 
1888, irrigated 12 acres of vines and fruit trees. He flooded the land 
four times. To water half an acre of land necessitated the use of the 
pump nine hours and he estimated that the 12 acres absorbed 2,600,000 
gallons of water. Mr. Towser, speaking of his experment, said : 

I cotild hardly get props enough to keep my trees from breaking down under the very 
heavy load of fruit, while other orchards not irrigated^ in the district, yielded a very 
small quantity of fruit. 

•The Lachlan soil, with the help of irrigation, will grow the finest fruit 
in the southern hemisphere. The fruits produced are numerous and in- 
clude many varieties of oranges, lemons, citrons, pears, peaches, apri- 
cots, nectarines, quinces, figs, loguats, grapes, and strawberries. The 
fruit, which had to be sent a long distance to market, is described as 
unsurpassed in quality and, notwithstanding the high cost of freight 
and poor facilities for handling it, realized a good profit. It is proposed 
to reduce the cost of irrigation on this property by using a 10-inch in- 
stead of a 7-inch pump. Irrigation is used in the same district by the 
Messrs. Eadles & Co., who have a 9-inch pump for irrigating about 800 
acres of grass land suitable for high-class stock, ali^o a 7-inch pump is 
used for a smaller tract. Both pieces of land have carried eight to ten 
sheep to the acre, while other stock farms, not irrigated, were literally 
ruined by the drought. 

It may be well to mention that Forbes is a town on the river Lach- 
lan, 260 miles west of Sydney. It has a population of about 3,000 in- 
habitants and it is rapidly becoming a center for the trade of a large 



Bectioa of the country aroiiml. The town is supplied with water fil- 
tered from the Laehlau, laid ou in pipes at a considerable coat. The 
district contnina aboat 10,000 inhabitants and carries 1,UIH),000 sheep, 
10,000 horses, 5,000 cattle, and ^,000 pigs. In one year 8,316 acres 
were planted in wheat and produced 100,519 bushels. 

Mr. Gatenby, atiout '25 miles from Forhes, irrigated in 1888 90 acres 
of land, which was laid down under grass, luoern, maize, and orchai^. 
He used a 6-ineh pump and he estimates the cost of irrigation at £2 
($8.73)per acre. 

Mr. Gatenby stated that with a larger pump he could reduce the cost 
to about 10 shillings ($3.43) per acre. He found that lucern only re- 
quired half the quantity of water necessary for ordinary grass. His 
gmsn laud, which was watered once a month, carried eight sheep to the 
acre, and his maize land produced 100 bushels to the acre. 

I learn from the third and final report of the royal commission oq 
the conservation of water in New South Wales that at Windbar 7 acres 
yielded 30 tons of lucern hay per annum, under irrigation, at a cost of 
£3 ($14.60) per ton, during a drought when chaff delivered cost £23 
($111.93) per ton. It was estimated that the experiment with irrigation 
on his property resulted in a saving of iet,000 ($4,866) in the yciir. 

Again, it is stated that at Tapio 18 sheep to the acre were main- 
tained in splendid condition on a patch of 22 acres of irrigated land, 
while on the surrounding couniry 13 acres barely sufficed to keep one 
sheep alive ; and further, Mr. N. Sadlier, of Albemarle, stated tU&t od 
an area of 3 miles square, irrigated by the Sow of flood-waters over low- 
lying land, he kept 8,000 sheep in the middle of snmmer and had a good 
. lambing, while the same land, when not irrigated, did not carry 1,200 
sheep. The only difficulties which seemed to present themselves were 
in regard to maiutainiu^ a permanent supply in the river to make 
irrigation possible during the time most needed — a prolonged drought — 
and the want of practical knowledge to employ the methods of irriga- 
tion. 

It will be well enough to mention here that the farmers who have tried 
Irrigation are highly gratified with the results, and in most cases their 
profits have donbled and trebled more particularly where the irrigation 
was used in the natural grasses of the country and nith lucern, m^ze, 
and sorghum. 

I could give many instances where irrigation has been adopted with 
onvarying success, but the areas are mostly small, probably not exc^- 
ing a total of 60,000 acres. In the colony of Victoria, however, very 
large areas are being rapidly placed under irrigation. 

SOUeOES OP WATBE SUPPLY. 

The sources of supply of water for irrigation are from rivers, creeks, 
tanks, and wells. The shortage of water supply extends over such vast 
areaa of country as to be a source of astonishment that no well-directed 
effort has been made to conserve at least a portion of the supply fkUing 
during the tropical rains, especially in the northern territory. 

With reference to the works situated on the rivers, the requisite sup- 
ply of water has been obtained by pumping. For this work the centrif- 
ugal pump is generally used, though in some eases, such as for orchard 
and garden irrigation, direct acting pumps or the " Blake" or " special^ 
type are used. It is said that none of the western rivers, except the 
Murray, can be relied on for irrigating large areas, unless works be 
constructed to impound an artificial supply. Certainly with some riren, 
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Bucb as the Nainori the supply in long-continued dry seasoDS is even 
inadequate for the small areas being dealt with at the present time. 

The discoveries of subterranean fresh watei: north of the Darling River 
and the immense supply being obtained from some of the artesian bores 
point to a near development of irrigation on a more or less extended 
basis in that region. In the country south of the Darling the water in 
nearly all the wells that have been sunk is said to be brackish, which, 
together with the mineral matter contained in it, is unsuitable for irri- 
gation. Were this not the case the depth (averaging 100 feet) would 
preclude its use for this purpose except when drawn by windmills, as 
fuel for motive power in most places where these wells are is reported 
to be scarce and expensive. It remains to be proved by boring whether 
at a greater depth an artesian supply of fresh water can be obtained ; 
but as the geological formation is entirely distinct from that north of 
the Darling, it is said to be very doubtful if the same results will follow 
deep boring. 

I have visited a property on Oxly street, Queensland, where water 
strongly impregnated with salt was used for irrigating the soil for grow- 
ing lucern. The owner of the land was gratified with the benefits of 
such irrigation, and he held the opinion that many of the salt lakes in 
Australia would not be looked upon as a misfortune in the future. It 
was, however, pointed out to him that a continuation of the use of saline 
water must sooner or later result in the destruction of his lucern crop. 

The apparent benefit from the use of salt water was apparent from 
the reason that lucern to a very large degree neutralizes salt in the soil. 
This has often been remarked in the alfalfa (lucern) field of Cali- 
fornia, and farmers account for the fine crops of alfalfa in southern Cal- 
ifornia to the alkaline soil there. It is possible that on the high dry 
banks of a river where the soil is deep and good and with abundant 
natural drainage, that saline water might be pumped on lucern fields 
for a number of seasons without materially injuring the soil. Of course 
natural conditions would have to be taken into consideration, as for 
instance, in the case of the land to which I have lately referred, where 
the subsoil is thoroughly washed over by the heavy tropical rains. 

Mr. H. C. Kussel, Government astronomer, who has, since his arrival 
in the colony in 1870, devoted great attention to water supply, is very 
decided in the opinion that there is an abundant supply of underground 
water in the western districts of New South Wales. Many theories are 
advanced as to its origin. Some attribute it to a flow of water from the 
lofty mountains of Few Guinea. When Mr. Russell pointed out, 
about ten years ago, the remarkable relations existing between rain-fall 
and the rivers of the west, he was told that his statements could not 
be true. No rain that fell would wet the ground 18 inches deep, much 
less afford water for underground supplies. With equal confidence it 
was asserted that the water which did penetrate into the ground was all 
dried out of it by evaporation, and further that the greater part of the 
Darling River basin was so fiat that the water would not flow, and the 
rain, therefore, did not and could not find its way into the river. Mr. 
Russsell determined to wait the results of several years of patient inves- 
tigation before speaking again. With regard to the first objection he 
has affirmed that in heavy rains water reached the Darling from the flat 
countries. 

Evidence as to this fact was found in the rain-storm during 1885. In 
regard to the water from the mountains of New Guinea he said that, 
even admitting the theory, the area was insufficient. He did not think 
the water which flows into the Darling passed into the ground, although 



it was 111 evidence before the royal commisBioD that part» of the Dar- 
liug Kiver basin were exceeding porous and allowed the water to sink 
down freely. 

It is the o|>inion that iirigatiou in most parts of this colony from 
taiika is practically impossible, as water conserved in excavated res- 
ervoirs would cost about 6 shillings ($1.46) per 1,000 gallons, a price 
]»ractically prohibitive. The future of irrigation seems to be largely 
de(>6iident on the storage of some portion of the flood-waters iiov 
ruiHiing to waste, and this can not be effected by exiieosive works 
eotitining such storage waters to the river channels, which, under the 
most favorable conditions, would only provide for watering a narrow 
l>elt OD either side of the river channels, but mnst be effected by di- 
verting and storing the water in the basins or lakes that nature has 
formed and into artificial basins or reservoirs coustnicted, og in Amer- 
ica and other coantries, among the hills, from whepce it could be dis- 
tributed by gravitation. 

CHABACTBR OF WORKS USKD. 

As already stated, irrigation in New South Wales has hitherto been 
con lined to lands bordering on or adjacent to one or other of the rivers, 
and no works have been undertaken to increase or regnlate the snpply. 
Where the country is suitable the distribution is effected by channels or 
ditches laid out so as to conform to the features of the ground, and of 
sizes proporlionate to the duty they may be reqnired to perform. Pump- 
ing water for irrigation effected by Tangee centrifugal pumps, some- 
times by windmills. The water is pumped up into storage tanks of 
iron or brick and then run off by gravity on to the land to be irrigated 
in pipes. 

This method is, 1 think, peculiar to Australia. I have uever ob- 
served it in California, or indeed in any other part of the United States 
with which I am acquainted. Inportionsof the country where the rain- 
fall is tropical, and the soil becomes so dry that every drop of water is 
precious, tanks and pnmps appear to work well, as there is no waste 
from soakage, evaporation, or capillary attraction. 

The esi>euse attendant on the above method renders its adoption on 
a large scale too costly. Orchards and the paddocks around many 
homesteads are, however, irrigated in this manner. 

On the Torrens River, in South Australia, one of the farmers uses a 
pump with a four horse-power engine and the water is pumped to a 
height of 35 feet Into a square brick tank, 10 feet long, 5 feet wide, and 
2J feet deep. More than half the tank is below the surface of the ground. 
The water when needed is distributed through 2-inch pipes sunk under 
ground and laid in different directions. At intervals of from 40 to iSO 
feet, 8tand-pii>es communicate with the surface, and, being furnished 
with stop-cocks, the water is turned on or off at pleasure. Prom the 
stand-pipes canvas hose can be adjusted and laid on to the particular 
spots where the water is required. To t^cilit^ite the operation shallow 
trenches are.scooped out near the trees requiring to be watered, and the 
water is led from one depression to another when the lengths of hose are 
insuflicient. 

At Emu Plains au extensive orant^ery is supplied with watar la a 
somewhat similar manner, but here the water is received out of a well 
about 30 feet deep. The Tangye pump is placed 20 feet above the water 
and forces it into a number of 400-galton iron tanks arranged on trestle- 
work J 1,000 gallons of water are drawn from this well per hour. On the, 
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Nepeau Kiver a farmer has an irrigation plant which is worked by a 
six horse-power Tangye engine, and the lift of water is 23 feet; from 
thence it is forced a distance of 850 feet to the storage tanks. The cost 
of the engine was £110 ($535), and the piping £50 ($243). The water 
flows from the tanks by gravity ; open furrows are used. In the Riverine 
district, about Deniliquin, 481 miles southwest of Sydney, where the 
summer winds are very hot, fruit trees are kej^t in full bearing by 
mulching, i. e., spreading litter, whether leaves or other matter, around 
the butts of the trees. Trenches 4 or 5 inches deep are opened in the 
soil about 5 or 6 feet from the trees; water is let into the trenches when 
required. It is said to pay to adopt these means even when the water 
han to be carted a considerable distance. The average rainfall in this 
district is only about 16 inches per annum, but nevertheless fruit is very 
profitably grown. 

The success attending artesian well-boring in various parts of Aus- 
tralia led to an investigation of the subject by Mr. W. Anderson, geo- 
logical surveyor, of IN'ew South Wales, and I learn from his report that 
the Lo\ver Cretaceous formation in which artesian water is known to oc- 
cur extends over a vast area in the eastern half of the Australian con- 
tinent, occupying the greater part of the interior of Queensland, a large 
portion of central and south Australia, and the northwestern x)lains of 
New South Wales. The southern extension of the Cretacis-Tertiary 
formation occupies a considerable area to the north of the River Dar- 
ling in the neighborhood of Bourke. Mr. Anderson says it is astonish- 
ing that while this formation has been known for many years, pastoral- 
ists on the northern plains did not until recently realize the fact that 
they have beneath them an invaluable supply of water. He does not 
recommend boring for water where Silurian slates occur, for the reason 
that all the Silurian rocks of the district have a general strike of E. 20^ 
N., and stand nearly vertically, therefore they can not possibly hold 
water in any abundance, and where Silurian formations occur there is 
always a thinning of the Cretaceous beds. 

The principles which govern the location of water in the deep-seated 
beds of the formation, such as the Cretaceous and its subsequent rising 
to the surface as artesian water when tapped, are gravitation and the 
fact that a confined and continuous flow of water must rise to the level 
of its hydraulic grade. Mr. Anderson directs attention to five positions 
in which water may be found in the flat western countrj^ : 

(1) In the Cretaceous formation itself; 

(2) Between the Cretaceous formation and the Silurian bed-rock on 
which it rests ; 

(3) In the silted up Pleistocene river channels; 

(4) In the immediate neighborhood of the present water-courses ; and 

(5) In the superficial portions of granite, as at Byrock. 

The water in most of the wells that have recently been sunk is in 
quantity sufficient to indicate a permanent flow. 
Such water is used for irrigation by gravity at very little cost. 

SYSTEM OF WATER DISTRIBUTION, WHETHER GOVERNED BY LAWS 

OR CUSTOMS. 

All irrigation works in New South Wales have hitherto been carried 
out out by private enterprise. Each owner appears to be a law unto 
himself, and so long as he does not interfere with his neighbors' water 
rights is subject to neither rules, regulations, nor customs. In Victoria 
there is an irrigation act, and the necessity for passing a similar act in 
this colony is urged very strongly by both press and people. 



ic woma ue very uiincuii wy lorm aiiyrning iiKe a just esumaie oi i>Qe 
quantity of water used per aero in New Soutb Wales. The consuoip- 
tion of wat«r on the Kiver Murray, which is the boundary between the 
ooloiiies of Sew South Wales and Victoria, for farms in Victorian ter- 
ritory, and which cover a larger area, is, however, very considerable. 

The pecaliar river system of Australia has been explained in my pub- 
lifihed Beport on Irrigation, and I will not now refer to it further than 
to say that the Murray is the most important river in Australia, and 
together with its tributiiries drains an area of 27,000 sijuare miles. 

The Murray is navigable for boats of light draught tor a distance of 
1,700 miles from its mouth. In making its way towards the ocean it 
passes throui^h a considerable portion of the colonies of Victoria and 
South Australia. New South Wales, although by her constitution, re- 
ceived from Great Britain, entitled to the control of the river, has 
taken no efl'ective steps to utilize its waters fur the purposes of irriga- 
tion. 

Boththeothercolouieshave, practically, taken possession of the water- 
course, and I learn from a report just submitted to the New Sonth 
Wales parliament, by Mr. J. E. F. Coyle, civil engineer, who had inves- 
tigated the condition of the Murray, its navigation and use of water for 
irrigation, that out of one hundred and forty-three steamers engaged in 
the river trade, sixty-seven are owned in Victoria, fifty-five in South 
Australia, and only twenty-one in New South Wales, Mr. Coyle states 
that the other two colonies have ignored New South Wales, not only 
in regard to the trade on the river, but as to the use of the water for 
various irrigation schemes. 

A number of wharves have been erected on the Victorian side by the 
Qovernment there, together with sheds, plants of machinery, au,d other 
works which Mr. Coyle considers inconsistent with the owuersbip of 
the Murray by the colony of New South Wales. Since 1S86, when the 
Victorian act anthorizing the construction of works on the Murray 
for irrigation was passed into law, as many as sixty-three different water 
interests have come into force for irrigation purposes, and the qaantity 
of water being now drawn from the river is exciting alarm among the 
people of New South Wales. These Victorians consume in summer 
102,000 gallons, and in winter 61,800 gallons per twenty-four hours; 
also 16,579 cubic feet in summer and 161,618 cubic feet per minute ia 
wiuter. 

TheViotoriau Government haaemployed steamers in clearing the river 
£rom snags and other impediments. 

The Government of New South Wales, of course, does not object to 
that, and it is scarcely probable that she would claim, in spite of her 
constitutional rights, a supreme control over all the advantages to 
be derived from the river, but she will undoubtedly object very seri- 
ously to any other colony doing so. The Victorians, however, contend 
that they ai'e simply using the water that otherwise would be wasted, 
and besides that they have never been granted the right to use it for 
an indefinite period, for their Government in licensing irrigation works 
have expressly provided that water can be taken from the Murray only 
so far as it is in the power of the Government to permit. 

Sir Henry Parkes, premier of New South Wales, in a powerful speech 
delivered in Parliament lately, pointed out what he deemed an aggres- 
sion on the part of the Victorian Government upon the constitutional 
rights of New South Wales and very earnestly urged further legislation 
upon the subject. 

The trouble is the question of right to control the waters of the Mumf 
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can not be settled by one colony alone, and will probably have to be 
dealt with at an intercolonial conference at which each of the colonies 
interested can take part, and an agreement reached by which the ben- 
efltsi of their principal water-way tribute may be shared alike. 

CHARACTER OF CLIMATE, RAIN-FALL, ETC. 

The colony of New South Wales extends through eleven degrees of 
latitude, it being entered on the parallels 28° 10' and 37o 38' south lat- 
itude, and between the meridians 141o and 153° 38' east longitude. 
The area embraced within these limits contains 310,938 square miles, 
or 199,000,000 acres. 

The climate extending through so many degrees of latitute, very 
naturally permits almost any variety, from hot to cold. 

Tbe northern part of the colony resembles that of the south of Italy, 
Spain, and Greece, while the southern portion is not whoUy unlike that 
of northern California. 

At Kiandra frost and snow prevail for a considerable part of the 
year ; but on the plains of the interior the thermometer rises to 130P 
above zero, and sometimes there is no rain for eight months in the 
year. 

The average annual rain-fall, according to a recent return supplied 
by the Government astronomer, Mr. H. O. Eussell, was 23.68 inches for 
a period of fifteen years, from 1874 to 1888, the lowest average being 
for 1888, when it was 13.40 inches, and the highest in 1887, when it 
reached 34.39 inches. Mr. Russell has prepared the following table to 
show the average rain-fall in New South Wales for each year from 1874 
to 1888 : 



Year. 


Inches. 


Year. 


Inches. 


1874 


33.46 
29.38 
27.66 
20.48, 
25. 05 
30.75 
19.93 
20. 73 
20.11 


1883 


17.96 


1875 


1884 


15.86 


1876. 


1885 


19.48 


1877..* 


1886 


26.04 


1878 


1887 


34.99 


1879 


1888 


13.40 


1880 


Mean, fifteen years 




1881 


23.68 


1882 











Mr. Eussell states that the drought in 1888 was the most severe 
ever experienced, but during November and December rain fell and 
broke up the terribly dry weather. 

During December, 3 inches of rain fell at upwards of two hundred 
recording stations, chiefly along the coast line, while the great western 
plains, which needed the rain most, remained to the end of the year in 
a state of drought. Not once during the year did rain enough fall on 
these plains to make water run on the surface of the ground. 

On the Marano Rivei' the four months of winter passed with only .03 
inch of rain. Even the native trees died for want of -water in some 
places. In Sydney the average rain-fall for a month is about 4 inches ; 
but over large areas in the west the rain-fall for the whole of 1888 was 
under that amount. 

At South, on the Darling, it was 2.47 inches; at Menindie 2.82 inches. 
Mr. Eussell remarks, that living in a moist climate near the sea, it is 
difficult to realize what such a record means in a dry, windy, hot place. 

The wonder is that plant or animal can live through it. Then, taking 
the xjaean of fifty places, the raift-f^^H for th^ wbQlo Qolony was 43 per 
" ' *' 138 A L— VPJ. IV— 2Q 



cent, below the average, and it is noteworthy tliat tlie rain-fall of 13S7 
exceeded the average by 42.7 per cent.; so the wettest and driest years 
OD record are side by aide showing a difference in rain-f^l amoanting to 
86.7 per cent of the average. 

When forwarding fome valuable pnblicatlons, Mr. Bassell remarks in 
his. letter to me of ^Sth September that, knowing what important qaes- 
tloDS oonld only be answered by statistics about rain, rivers, and 
evaporation, he began to collect them and to educate the x>eopte to 
keep rain records. In 1870 he found five meteorological stations at 
work. Now thej' number nearly one thousand. Becords of the heights 
of the western rivers were begun in 1862 by Government oflicers, but 
they were not kept up In the annual rain reports are to be foand 
every known rain-fall record for this colony. Mr. Bussell has the con- 
trol of the rain-falt records, and be states they are fairly complete for a 
young country, but the work of carefully gauging the output of the 
rivers has not yet been commenced by the Government. The records 
which he gives of the water at eaeh place, the water velocities, are not 
measured, because competent otGcers for that work have not yet been 
stationed on the rivers. The velocities he ba^ ased were determined 
years since, and are assnmed to hold good for the same height of flood 
for each year, 

Since 1887, however, officers from Victoria have been systematically 
measnriug the discharge of the river Murray, and have so far confirmed 
the resalts which Mr. Bussell had obtained in the way indicated. 

ANTIQUITY OF lEEIOAXIOK SYSTEMS. 

. The remarks I have made in this report show that the various modes 
of irrigation practiced in New Soath Wales are wholly of recent date. 
The maps and publications which the Department of State direct me 
to obtain for the select committee of the Senate on the subject of irri- 
gation are enumerated in the following list : 

LUt of printed dociimen la and mapi rel^lting to irrigation and reelamalion of arid lands ; 
MttTces of tiater lapply ; eyilem» of tvaler dUlribatUm ; ekaraoUr of elimate, andtofar 
aa relate io the colony of 2feie South Wales. 
1. Eoyal commission. Conservancy of water. First report of the 

1886. 

ioyal t 

18B&-%6. (Maps aod plans are sttaDhed.) 

4. Royat commissioD. Coouervutioo of water. Third and Gnal report of the oom- 

mUBionera. 1887. 

5. Maps, plaDS, and diagiame to aooompaoy the above report. 1887. 

6. Boyal oommiBsion. Conservation of water. First report of the oontmissionen. 

Abridged edition. 18(^6. 

7. Boyal commisaion. Conservation of wat-er. Third and final report of the com' 

missionera. Abridged edition. 1887. 

8. Kew Sontb Wales, her commerce and isaonrcea. ByCoDsnlOriffla. Report on 

irrigatioD. Pages 13 to 21. 1888. 

9. Climate. of New South WaleB, descriptive, histoiioal, and tabnlar. Br B. C. 

Eussell, B. A., F. E., A. S. 1887. 

10. New Sonth Wains. Physical geography and climate. By H. C. RasaelL 1884. 

11. The liver Darliug. The water which ahonld paaa throneb it. By H. C SoMell. 

1879. 

12. Some facts bearing npon irrigation. By H. C. EnsselL 1883. 

13. Notes upon the history of floods in the river Darling. By H. C. Rnsaell. 1^6. 

14. Notes npon floods in Lake George. By H. C. EosaeQ. 1^. 

15. The BouToe of the undergroand water in the weatem districto. By H. C. Boawli, 

1889. 

16. Notea on the experience of other conntries in the admiijUtratioD of Uieil wMer 

supply. By H. G. McKinnev, C. E. 1887. ^-r^- 

-^ivera of Rew Sonth Wa,leB. By H. G. MoKinnej, C. E^ 1888. 
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18. Water aapply in th& interior of New SoatK Wales. By W. E. Abbott. 1884. 

19. Forest destrnetion in New South Wales and its effects on the flow water in water- 

courses and on the rain-fall. By W. £. Abbott. 1888. 

20. On wells in Liverpool plains. By T. K. Abbott, P. M. 1880. 

21. Metropolitan water supply. By Mr. James Manning. 1875. 

22. Comparison between the Prospect and Kruny Hill schemes, proposing a high- 

pressure water supply for Sydney. By F. B. Gibbs, C. E. 1880. 

23. Importance of a comprehensive scheme of water storage and oanalyzation for the 

futnre welfare of New South Wales. 1881. 

24. Tanks and wells of New South Wales. Water supply and irrigation. By A. P. 

Wood. 1883. 
25. Results of raio, river, and evaporation observations made in New South Wales, 
1879 to 1888. By H. C. Russel, F. R.*S., Government astronomer of New South Wales. 
1879 to 1888. (Ten parts). 

The documents above enumerated are forwarded to the Department 
of State in separate cover. 

Additional information, publications, maps, and plans have been 
promised me in time for transmission by next mail. X have reason to 
believe that the whole will form the most complete collection of litera- 
ture on irrigation and water conservancy ever brought together relat- 
ing to New South Wales. 



LETTEB FROM MB. JAMES WILSON TO CONSUL GRIFFIN ON IRRIGA- 
TION IN NEW SOUTH WALES. 

Commercial^ Pastoral, and Agricultural 

Association of New South Wales, 
40 Hunter Street, Sydney, August 28, 1889. 

Sir: I have reeeived from yon questions on the subject of irrigation and the recla- 
mation thereby of arid lands, with information that a special committee has been 
created by the Senate of the United States to investigate the questions involved. 

The coUation and systematic organization of reports on this snbject from aU parts of 
the world which your oonsnlar system affords can not faU to be of the greatest public 
utility, not only to the United States but to every arid corner of the universe, and it is 
to be hoped the committee will produce a report on a comprehensive scale which, 
when published, will prove of immense benefit to generations yet unborn. 

For some time the Commercial, Pastoral and Agricultural Association of New South 
Wales has been engaged in noting the steps taken in this colony to deal with the arid 
lands in her vast interior and in collecting documents showing the great aid afforded 
by the Royal Society of New South Waies and kindred scientific associations for deal- 
ing with the local question, and in contrast with other countries, from more or less 
unofficial sources. I shall have much pleasure in placing these records at your dis- 
posal. 

To my mind the question to Australia of water conservation, distribution, the devel- 
opment of underground reservoirs proved to exist, the economical adaptation of such, 
and rain- fall observations as will minimise waste from the effects of periods of 
drought, by regulating supply, is as necessary as a mainspring to a watch. Upon 
the satisfactory solution of water difficulties depends the future development of this 
vast island continent, whose very existence a century ago was comparatively unknown. 
Of this continent New South Wales embraces a territory of 195,882,012 acres, and her 
present record of population is only a little over one million. To the United States 
our population and occupancy of territory when compared must form an insoluble 
problem ; but the key is to be fonnd in the pastoral stage of development in civiliza- 
tion during the nineteenth ceutury, as practiced iu Australia, and when we compare 
the numbers of the population actually outside our towns and cities the position will 
appear more explicable why we can not in the present stage point to existinc^ 
irrigation and water conservation works and irrigable and non-irrigable areas and 
their results. The works in existence at present are only the outcome of private 
individual enterprise within freehold limits and bear no proportion whatever to the 
exigencies or necessities of the country at large, its rain-fall or river systems. 

The mode of land tenure, the centralizing departmental form of government, and 
political inability to deal with so extensive a public estate upon a broad and national 
basis, are the true causes of neglect of and inertia towards our progress in this direc- 
tion. It is from no want of consideration or inability on the part of our best men to 
grasp the importauce of the situation, but from the general laUsez-faireoi oxxs politi- 
cal economy which proyides that all public works in the colony i^re cooduQte^ and 



Mmtrolled by Kovemmeut depattoientfl eentorod ia the city of Sydney, not in toncli 
with what might be termed local or district wants, and reeenting iuterference with 
theit prerogative unless under pulitioal pressure — :) system whicti ascribes dronEht 
and disaster to Ptuvideuce and fails to nse means natnxe has provided for ameUo- 

A Diore valnable corapendiam of informBtioD &om many Bonroes on irrlgatioD in 
New South Wales than that presented in yonr oonanlar report to the DepartmeDt of 
State, Waahington, repablished by the New Sonth Wales Government in 188H, does 
not exist, nor one more truthfoUy and fully describing this oonntry ; and I would it- 
epectfully anggest that that rep^i't be laid before the oomniittee of the Senate, Yaa 
have fairly pointed out the dimcnlty of riparian rights as they exist at present and 
the ineidenceof oommoti law as prohibitive to deal with water oonservation od a 
comprehensive scale, and you have cited the opinions of the water conservancy oom- 
missioo, afpointed in 18ri4 ; it only now remains to snpplement this by reference to 
their report in 1887, since pnblished^ 

There have been no water-truats created and no law changing riparian rigllts ill 
this colony. The first bill in New Sonth Wales to provide a water-trnst, a muoici- 

S^lity hill for the itrigatiou of a town comnum at Wentworth of 21,000 acres, on the 
ew South Wales side of the river Murray, is now before parliament. Snccexsive 
government-a have for years post promised a scheme of local or district government 
which will embrace powers for dealing with water and irrigation by local tinate. 
Hitherto in this colon^the public works for water conservation have been oonGned 
to conslructtDg watering stations on the traveling stock routes in arid districts, wells, 
tanks, and dams. The government first recognized the necessity for such in m69. and 
in IS^ it would appear from a statement relating -110 watering places, one handrsd 
and forty-four in number, that an expenditure of over £370,000 ((1,^13,955} had been 
made in conatruction and appliances, their inainteaanoe costing over £25,000 
($131,663) per annum. These works have no doubt exercised a large and beneScisI 
influence upon our pastoral progress. 

I would suggest that you obtain from the government printer, Sydney, snoh oS. 
cial documents bearing on the subject as have been printed from time to time. 

Itonly nowremaioB to state that the government has conducted preliminary stepi 
to carry out a scheme of irrigation and water-supply by canals, submitted to the 
water commission by H. O. McKinney, civil engineer,; surveys are completed and th« 
engineers are now takine levels for canals near Albory, on the Murray Uiver. Th« 
main Albury canal will be 176 miles in length Jerilderie branch canal 33 miles, and 
the Tuppel 'branch 31 mi les, a total of 240 miles. The estimated cost of this nndet- 
taking is £1,500,000 ^$7,399,750], and the area to he irrigated 570,000 acres. 

To water conservation and irrigation as presentei^'inotberaouQtries, and especially 
in India, all our New South Wales and Victorian sobemes mnsb appear insignificant ; 
bnt we are ooly a young country and a small community aaiiona to profit by the ei- 
perivnce of others, and will gladly .benefit by the results of the inquiry being made by 
the special committee of the United States Senate, embracing as it will coaHQlar re- 
ports from all countries, 

I shall have pleasure in forwarding your inquiries in any way in my power. 
I remain, with mnoh personal esteem, youra faithfully, 

James Wuaos. 

G. W. ORIPlfIN, 

U. S. Coaeal, Sydney. 



SOUTH AFBICA. 



South Africa lias been described by some one as a conntry ia wbich 
the rivers have no water. This is only too true during s portion of the 
year, while daring the rainy season the rivers have a torrential charac- 
ter and the traveler must perforce halt at the river banks and wait for 
the rain to run by. 

Until recently irrigation has been a matter of private enterprise and 
the works have been of the simplest and cheapest character. Wherever 
springs have been found it has been the custom to strengthen them by 
the building of a primitive dam above the spring's source, and the wat«r 

eo coBspBiefl is thea conaucted bj a Bjstejn of f«rrows over the area to 
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be benefited. Where the water of rivers could be utilized the same 
system of furrows is followed and narrow strips of laud on either bank 
of the stream are thus brought under a higher system of cultivation 
and large crops are the result of such a system. 

Irrigation in this primitive way may be said to be the rule in the 
South African Eepublic, the Orange Free State, and in a large portion 
of the Gape Colony. In 1877 the Government passed an act for the pro- 
motion of irrigation, the principal provisions of which are as follows : 
Any three or* more owners of land within any area in which it is 
deemed expedient to store water by artificial means for the purpose of 
irrigation may petition the government to proclaim such area an irriga- 
tion district, provided such petitioners shall be the owners of not less 
than one-tenth of the land in such district to be proclaimed. The gov- 
ernor may then dispatch an engineer or other competent person to the 
locality, where a public meeting of land owners is called, after due notice, 
and a report is sent to the governor as to the propriety of constitut- 
ing such irrigation district. Should such report be favorable and re- 
ceive the assent of two-thirds of the owners of land situated within its 
area, the governor may proclaim such district an irrigation district. 
The performance of all acts, etc., relating to irrigation and the storage 
of water in such proclaimed district shall be vested in a board having 
corporate powers, to be chosen from the land owners of such district. 
Every owner of land is entitled to vote at an election for members of 
such board, and shall have one vote for each $500 valuation of land. 

The charge and conservation of every natural river, stream, creek, 
and water-course, and of every dam, pond, and embankment within the 
limits of an irrigation district which is by its nature common to two or 
more of the owners of land within such district, and the absolute con- 
trol and regulation so far as the same can be effected by artificial means 
of the supply of water throughout the course of any such river, stream, 
etc., within such limits, shall be vested in the irrigation board of such 
district Such board shall have power to cleanse, repair, and maintain 
in a due state of efficiency any stream, river, etc., as above ; to deepen 
or otherwise improve such water-course, and to erect dams, reservoirs, 
etc. ; in fact, to maintain, improve, and construct any works that shall 
be necessary for the jiroper storage and conservation of water for irri- 
gation purposes. 

Provision is made for full compensation for any injury sustained by 
any person by reason of the exercise of the powers of the board. The 
board may also enter and take possession of any land, covered or un- 
covered by water, as may be necessary to carry out the purposes of 
this act. The board may levy rates at so much per acre in all land 
within the area which is irrigated or capable of being irrigated, provided 
that no land shall be taxed that is otherwise irrigated or improved by 
means contemplated by the act. 

Power is given the board to borrow money either by public tender or 
from funds provided by Parliament, in which latter case the governor 
may loan to the extent of one-half of the value of the lands ; such loan 
to be a first charge on the same, and he may appoint ofi&cers to inspect 
such lands and works. 

IBBIGATION BT PBIVATB OWNEES. 

Any owner of land, not within the limits of any irrigation district, 
proposing to improve the same by the storage or conservation of water 
and desiring a loan from the G-overnment for such purpose, may make 



applioatioD for sach purpose, Riving bonds for the payment of the cost 
of investigation, and tbe gorernor may then cause lauds, plans, esti- 
mates, aud specifications of proposed works to be inspected and re- 
ported on. Provision is made for the loaning of money by the Govern- 
ment under due restrictions, whicb becomes a first and preferment 
charge upon tbe land at tbe rate of 8 per cent, for the term of twen- 
ty-four' years. 

Any mortgagee having claim on land mnst join with the holder of the 
title thereof in an instrument to be filed with the registrar of deeds. 
Provision is made for arbitration, the making of by-laws and regnlsr- 
tlons and penalities for the fraudulent taking or pollutingof the water, 
or for obstructing or impeding the flow of water within the area prb- 
claimed. 

Two years later an act was passed by which provision was made for 
the loan of money by tbe colonial government to mnnicipalities desirons 
of snob assistance in carrying out works of irrigation, tbe terms of 
which are simitar to tbe act of 1877, and provide that the interest ia 
snch loan shall be provided from tbe rates levied by the towns availing 
themselves of the provision of the act. The act of 1877 was amended 
in 1880, providing tor the advance by the Government of the loan made 
by advances of one-flfth of the amonnt, aud makiug provisioQS for 
repayment of tbe loan according to the following schedule: 

SCHBDUI-S A. 

If the owner shall desire to repaj' the sntn advanced in one jev, the rent obarRe 
for ODe year shall be per cSDtain, £ 106 ; if he shall desire to repay it in two yeara tbe 
annual rent oharge abatl be, per oeutum, £54 11»,; if in three years, £37 8». 6iJ,; if 
in four years, £21* 17s. 6d. ; if iu five years, £23 las.; if in six years, £!!0 7s. ; if iu 
seven yeara, £17 19s.; if in eight years, £16 2s., 6rf. ; if in niue years, £14 "*., M.j 
if in ten years, £13 1^8. ; if in eleven years, £12.14*. ; if in twelve years, £11 19a.; 
if in thirteen years, £11 St.; if in fourteen years, £iO 15(. 6d. ; if in lifteen years, 
£10 fit. ; if in sixteen years, £9 IHa. ; if in seventeen yei:rB, £9 11>. ; if in ei^htaea 
years, £9 5». ; if in nineteen years, £8 19». 6d. ; if in twenty years, £8 14». bd. ; if 
in twenty-one years, £8 10s. 6d. ; if in twenty-two years, £8 6*. tid. ; If in twuity- 
three years, £8 3^ 

Schedule B. 

Tbe preeent valne of every £ 1 per annum rent ohaive shall be : 
For one year, £018«. lid.; for two yi-ars, £1 16s. 90. ^ for thMfl yeara, £S 13s. 6d. ; 
for four yearB, £3 iis. 4d, ; for live yuars, £4 4e. 'id. : for sis years, £4 18s. 4rf, j for 
seven years, £5 lis. Sd. ; for aigiit ytmrs, £li 4s. Sri. : for nine years, £C Ids. Id. ; for 
ten years, £7 7s. ;iil. ; fur elevtiii vnars, £7 I7a. M. ; for twelve years, £3 7«. 9d. ; for 
thirteen years, £M 178. Irf,; for foii'rtouu years, £9ns. lid.; for dfteen years, £9 14s. 3d.; 
for sisteon yeai's, £10 2a. 2d.; fur seventeen years, £10 9a. 7d. ; tor eighteen years, 
£10 16«. Vd. ; for nineteen years, £11 3s. ad.; for twenty years, £11 98. 5d.; for 
twenty-one years, £11 lo8. Jd. ; for twenty-two years, £12 0«. lOrf. ; for twenty- 
three years, £l-ilia. id. 

As early as December, 1881, no less than sixty applications bad been 
made by the dialricts (iesiriiig to avail themselves of the terms offered 
by the Govern ineiit. Owing to the peculiar character of the topograph* 
ical features of the country aud tbe fact that most of the rivers of SonUi 
Atrica are dry in the summer aud flooded dnriug the rainy season, a 
vast deal of scientific labor mnst be expended in order to determine the 
sites most advantageously situ'dted for the construction of storage basins 
and other irrigation works. Topographical and geological surveys a 
being made under the direction of the Government. 

It wdl probably be found necessary to make the formation of wat«ir 
boards compulsory, so that those land-owners situated above areaa 
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already proclaimed will be amenable to Government supervision in the 
conservation of their water courses. Wherever irrigation has been 
properly tried in the colony it has met with unqualified success, assuring 
large crops to husbandman and guarantying the stock-raiser against 
loss by drought. 

From the lamentable reports now coming in from the up-country of 
the great loss of sheep by reason of the almost total lack of rain- fall 
this winter, I should judge a great impetus will be given to this ques- 
tion. Many farmers have reported a loss of from 10 to 50 per cent, of 
their stock, which would not have occurred had the districts been se- 
cured against drought by storage basins. Some idea of the enhanced 
value of irrigated land may be seen in the report made by one owner, 
who stated that his increased rentals would repay the loan for four 
years. » 

The most complete storage work completed in this colony, and the 
most important, is that of Van Wycks Valley, full reports of which 
with accompanying maps,Nos. 1, 2, 3, and 4, I send by book-post 
in to-day's mail. The rain-fall in this section is very irregular, the 
average for eleven years having been 10 inches, and in some years fall- 
ing to 3 and 4 inches. The reservoir has depended on the catchment 
area of, say 240 square miles. This has been found to be insuf&cient 
for a full supply, and a furrow is now nearly completed through which 
the water of a neighboring river will be brought in, by which it is esti- 
mated that the water-covered area will be increased to 19 square miles 
with a depth of 27 feet. 

The land under irrigation is held by the Government and is leased at 
a minimum price of 10 shillings per acre. The bailiff in charge has the 
sole control of the flow of water and uses his discretion in its supply, 
some land within the area requiring more water than other portions. 
Owing to many causes, the chief of which was ignorance of the char- 
acter of the land — ^fostered by the report of interested persons who 
declared that the water would prove to be too salt for agricultural pur- 
poses, and who desired the work should fail and be abandoned, giving 
tbeiu a chance to acquire it — the poorest tenants, mostly assisted by the 
Government supplying seeds, were alone secured. Their success has, 
however, been so marvelous that the lands will soon be eagerly sought 
after. It is estimated that last year 1,300 acres were irrigated at an 
expenditure of an inch of water per month from the surface. The rain- 
fall over the whole colony is so irregular that I have taken the subdivis- 
ions of the colony for the purpose of comparison and have summarized 
the reports from an average of six stations in each district. The rain- 
fall for these districts for the year 1888 was as follows, in inches : 

Inchefl. 

No. 1. Cape Peninsnla 53.84 

No. 2. Southwest 32.95 

No. 3. Westooast. 15.ie 

No. 4. South coast 33.60 

No. 5. Southern Karroo 1 17.59 

No. 6. MTest Central Karroo 14.12 

No. 7. East Central Karroo 16.15 

No. 8. Northern Karroo 11.43 

No. 9. Northern border 8.84 

No. 10. Southeast 28.17 

No. 11. Northeast 20.39 

No. 12. Tianskei 25.00 

The topographical features of South Africa are so peculiar that the 
system answering for one district is not applicable to others, while the 
rain-fall varies greatly as one leaves the coast and ascends to the vari- 



ons table-lands. In general, it ma; be said that, the land being almost 
entirely dennded of trees and bash, the rain is not drank up by tbe soil 
but rnns rapidly over the surface, Beuking its natural outlet to the sea, 
■while the evaporation is very great, estimated at 6 feet at Van Wycks 
Valley, necessitating deep storage basins. 

Streams vbich are alive the whole year are very few. 

Boring for water baa not been attempted on a large scale, bnt the 
experiments made in certain sections have given very encouraging re- 
sults. 



SOUTH ATLAI^TIC ISLANDS. 



In answer to your circular and inquiries in regard to the system 
of irrigation now in practice on this island, I beg to submit the fol- 
lowing report : 

I can not answer yonr questions in as full a manner as I should like 
owing to the nieuf^erness of statistics. 

The public works here are of tbe most primitive kind. Tbe same 
implements that tilled the soil and constructed the water-ways three 
buudred years ago till the soil and construct the water-ways of to-day. 
Stone is plentiful and labor is cheap ; the island is furrowed with water- 
ways, but the new is no improvement on the old. 

(1.) The area of Madeira is about 240 square miles. Abont one-half 
of the island is in cultivation. The whole of the sea-board is more or 
less cultivated by irrigation. 

Where water is plentiful such crops as sweet potatoes, beans, cab- 
bages, etc., are grown as high as 3,000 feet elevation above the sea ; bnt 
maize is seldom grown above SOO or 1,000 feet, owing to the short sum- 
mer season on tbe bills. 

The area which is under cultivation by irrigation with sugar-cane, po- 
tatoes, onions, maize, etc., and almost at all seasons, and where, there- 
fore, the population is concentrated, varies between 500 and 1,500 tieet 
above sea-level, and may be estimated at a little more than one-third 
of the whole area of the island. 

It is diiticult to estimate the quantity of the crops grown, as the ex- 
ports are pretty well limited to sugar, wine, onions, potatoes, and ba- 
nanas. Sweet potatoes, which is probably the largest crop growu, 
beans, cabbages, are cousnmed in the home. 

Almost all the cereals and food plants are growu in Madeira. 

The wheat is ofthe bearded kind, with a bard, semi-transparent grain, 
and commands a better price titan the impoited. A large part of the 
vegetable subsistence is derived from the pumpkin tribe. 

The banana is one of the best paying crops. It is confined below the 
600-feet line. Oranges grow at an elevation of 1,500 feet. 

(2) The water supply is derived from perennial springs and from the 
many gorges which carry otf the water from the hills to the sea during 
the rainy season. After May these gorge streams are quite dry long 
before they reach the sea, their water having been drawn by the dif- 
ferent levadas. 

Tbe north side of the island, being more precipitous and well-wooded, 
supplies its different levadas as well as several of those on the south 
side. 
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There are no reservoirs or catcliment basins. They would be expens- 
ive to make owing to the precipitous nature of the hills, and it is 
doubtful whether the broken and rocky hillsides would hold the water 
unless the whole bottom were concreted. 

(3) The character of the works used for distribution of irrigation 
water is levadas or open culverts. These are constructed of masonry 
or cut in solid rock at high levels. They pass through tunnels, over 
bridges, and along tlie sides of precipitous mountains, carrying the 
water to the cultivated lands below. 

Some of these levadas are a few miles in length while others are 60 
and 7D miles long. 

(4) The system of water distribution is governed by custom and the 
flow is rated by the hour. 

Some levadas deliver their whole contents during an hour or more 
as the proprietors of the water may be entitled to it. Others deliver 
say one-quarter of their contents at a time. The irrigator only re- 
quires the quantity of water at a time which will run along a furrow 
without washing the soil away. 

The Sta. Lugia levada, for instance, contains 4,245 horns of water, to 
which there are proprietary rights acquired by purchase from the orig- 
inal makers or by inheritance. It now takes fifty days for each pro- 
prietor, of one hour to have his turn again ; but he receives it instead 
by the quarter, every twelve and one-half days. 

Besides the proprietary right there is in all levadas a right of water 
which belongs to the levada, and the committee of management for the 
year sells this water in January for the benefit of the levada, for repairs, 
etc., the water being plentiful at that season. 

During the recent sugar cane disease the price of an hour of water 
fell 50 per cent, in the Sta. Lugia Parish, viz, from $6 to $3. 

Each piece of ground within the district of a given levad is entitled 
to its hours of use of the stream. For eight or nine months of the year 
the water is turned on to the proprietors as they may desire, but when 
the dry season sets in the committee puts it a '^ giro " or space of time oc- 
cupied in making the tour of the whole district, which giro varies from 
15 to 60 days, according to the extent of the district. 

The " Levadeiro'* or distributor of water is a salaried official, paid by 
the committee. He also collects a small fee of about 3 cents per hour 
per annum of the proprietary rights, and a higher fee on rented water. 
These fees are fixed annually by the committee. 

When extensions or repairs of any magnitude are undertaken the 
money is borrowed, usually from the proprietors, and paid back in wa- 
ter or by rates levied over preceding years. 

The foregoing applies to the old levadas, which were constructed by 
the proprietors. 

No two levadas are alike in their volumes of water, in their veloc- 
ity, or in their rates. In the neighborhood of Funchal the price of an 
hours rain in the season is from $5 to $8, while on the north side of the 
island it will never exceed $1 per hour. 

The Government has, during the last fifty years, constructed levadas, 
which collected the waters in almost inaccessible gorges on the north 
side of the island, and conduct it to the warm south side. These 
waters are distributed to the cultivators of the soil at a nominal cost. 

But when the Government levada is completed, and leaves the hands 
of the department of public works for those of the local, it gradually 
falls into ruin for want of attention. 



mitted to Lisbon for approval, and when approved, the time U gener- 
ally BO long tbat the original estimates are insufficient. 

As water is the most valuable property in Madeira there is more 
quarreliii^ about it than about anything else in the island. It is a fruit- 
ful source between the well to-do and the poorer class. More people go 
to piiHon for stealing and tampering with water than for anything else, 

Uiie of the principal diOiuullies atteuding the management of the 
levmlas WHS the want of a legal stauding as corporate bodies of their 
coitimittees. A quarrel between two levadae, draining their supply from 
the same valley, occasioned a lawsuit which has lasted now more thac 
forty years. Within the last few years a law has been passed enabling 
the committees to incorporate themselves, with power to acquire prop- 
erty, and otherwise protect and improve their levadaa. 

They can purchase the land containing tbeir springs, protect tbe for- 
est and the trees along their lines. Every farmer of thrift has on his 
land tanks to store his water, and from these tanks little levadas dis- 
tribute it when and wherever he wants it. 

Water rights are held under title deeds, which specify the intervals 
at which the supply shall be given and the length of time it shall con- 
tinue. Water is always of rea<ly sale. If a crop fails from any cause 
the water for that land is sold to a more fortunate neighbor ; though 
sometimes at a very reduced rate, as was the case in the time of tbe 
sugarcane disease. 

Under any system, it is hard tor the poor. Their snpply is soaotr 
and they mnst receive it when their time comes, seasonable or ansea- 
Bonable, day or night, and without tanks they can not care for or prop- 
erly distribote it. 

(5) The irrigated region is the coast belt, which during the summer 
season will produce crops that will ripen before the early autumn sets 
iu. The nearer the seashore, with its consequent semirtropical heat, 
the more valuable becomes irrigation. 

The annual rat u fall iu Funchal is about 28 inches ; but the hills which 
supply the springs are almost always covered with clouds and wet 
oiiar, the water contents of which can not be estimated. 

The soil varies in quality. That of the coast belt is calcareous tafa, 
with an admixture of vegetable matter, and is very rich. Wheat and 
barley are grown on the same land from generation to generation with 
hardly any application of manure. 

Tbe soil best adopted to the vine is a decomposed red tufa, especially 
where there is an admixture of stone with it. The hill regions have a 
stiff, clayey soil. 

(0) There are levadas here probably 300 years old, but several of 
these have had their courses changed during politloal troubles and from 
other causes. 

The levada, for instance, which now irrigates St. Vincent© on the 
north side of the island, was constructed by the inhabitants of the 
Brava Valley on the south side, and was lost to them during tJie ia- 
tereguum between the Spanish and Portuguese occupation. The Gov- 
ernment is now constructing a levada, which will collect its waters in 
the hitherto quite inaccessible Inferno Gorge for irrigating tbe St. Vin- 
cente Valley, when it will restore to the Brava Valley tbe levada which 
originally belonged to it, 

The source of this new levada is at the height of 4,700 feet above the 
sea, and after entering the valley it is intended to throw the water 
down a series of cascades with a fall of more than 300 feet. 
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A constant flow of a pint of water is sufficient to irrigate 5 acres of 
^ronnd ; that is, the water mast flow into a reseji'voir and be nsed from 
that as required. 

I have had translated the ^' Eegulation for the Oovernment of the 
Government Levadas of the Island" and have had it attached to this 
report. There are no maps or drawings of these works obtainable. 

The engineers, contractors, and others who build our Government 
levadas come from Lisbon, and the plans, estimates, etc., are kept there 
in the office of public works. There are no publications that I can find. 

Mr. John B. Blandy, of this city, is the largest land and water propri- 
etor on the island. He has had more to do with the construction and 
working of these water ways, and is probably more of an expert than 
any person on the island. I am indebted to him for this report. He 
will take pleasure in giving the Senate Committee any facts that are in 
his possession. 



Provisional Regulation for the Government in the District of Funchal, 
THEIR Administration and their Respective Revenues. 

FIRST PART—THE LEVADAS. 

Art. 1. The regulation of the goYeTnm«iit levadas in the district of Fanchal and 
the snperintendence of the revenues of same are under surveillance of the treasurer 
of the same district, according to the decree published on the 10th of Novemberi 1849, 
and the regulations for the administration of the public revenue, published on the 
28th of January, 1850 ; also a Government grant, published on the 14th of September, 
1860. 

Art. 2. The levadas that belong to the government in the said district are the 
following : 

Rabacal, in the parish of Calh^ta, Fajaa dos Vinhatioos, in the parish of Santa 
Anna, lancal, and Furado, that irrigate Santa Cruz and Machico. 

Art. 3. The Levada Rabacal will continue to be divided into two branches, one 
that irrigates Calh^ta and Estreito, the other that waters Prazeres and Fajaa da 
Ovelha. 

Art. 4. The Levada Fajaa dos Vinhaticos will continue to be divided into two 
parts, each containing an equal quantity of water. 

Art. 5. Levada luncal and Furado are also divided into two branches, one that 
irrigates the parish of Santa Cruz, the other, Porto da Cruz. 

Art. 6. To superintend the said levadas there will be appointed a stskff of men, to 
be paid by the treasury of the home government. 

Art. 7. The number of men, their rank, and respective salaries for each levada 
will be as follows: 

Levada do Bahacah 

One director, with a salary of 17 per cent, on the revenues of the levada, 

calculated to be .... J156.67 

Two* levadeiros (or water men), at $24 each 48.00 

Two caretakers at 24 cents daily, each 175.20 

Total- 1 — . 379?^ 

Levada Fajaa dos Vinhaticos. 

One director, with a salary of 8 per cent, on the revenne of the levada.... $43.00 

Two levadeiros, at $16 each 32.00 

One caretaker, at 12 cents per day ^ 43.80 

Total U8.80 

Levada luncal and Furado, 

One director, with a salary of 8 per cent, on the revenue of levada $44. 16 

Two levadeiros, at $16 each 32.00 

One caretaker, at 12 cents per day 43.80 

Total V 119.96 
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Art. 6. Besides the aliove items, ^hicb are for salaries, there will be another item of 
$180 yearly to compensate any deficiency in the salaries. 

Art. 9. For directors of the levadas are appointed by goyemment nnder the pro- 
posal of the treasurer, and keep the appointment as long as they are worthy of it. 

Art. 10. The leyadeiros are appointed yearly by the delegate of the treasurer nnder 
the proposal of their respeotiye directors. 

Art. 11. The caretakers are appointed by the delegate of the treasnrer nnder the 
proposal of their respectiye directors. 

Art. 12. The duties of the director of the leyada are permanent and are as follows : 

I. In the proper season for irrigation he is bound to see that the waters are fairly 
distributed. 

II. To make as far as it lays in his power all the waters enter into the leyada, so that 
the lessee of the water may haye his share or more when his turn comes to irrigate 
his ground. 

Ill- To have repaired any small damage made to the leyada when hecessary, hav- 
ing it in his power to call for help should he be unable to attend immediately to the 
said repairs. 

IV. To ayoid the loss of water should he know it, and give notice, etc., of same to 
the administrator of any damage done to the levada. If there are damages he may 
appeal to the department of government works. 

Y. To watch that the duties of the levadeiro and caretaker are properly carried 
out. 

The director of the levada is answerable for its good keeping and also of the small 
cauals that bring the water from the springs. 

^ Art. 13. The duties of the levadeiro last during the irrigation season only. They 
are bound to deliyer to each lessee the quantity of water that he rents to irrigate his 
ground according to a list given him by the clerk (or tax collector^. 

Art. 14. The duties of the caretakers are permanent and are as lollows: 

I. To hye close to the levada. 

II. To watch in summer and winter the levadas, that they are kept in proper re- 
pair, and that the springs are drained so as to enter the levadas. 

III. To keep all the traps of the levadas open when it rains. 

IV. To clear all obstacles that are carried by the water that may cause overflow. 

V. To see that the levada is in proper repair, and to have repaired any wall that 
may have fallen over the levada, and to have removed any earth that may obdtruct 
its course. 

VI. To walk the course of the levada continually, or the part that he takes care 
of, to complain to his director of any theft of water, or if any damage that he can 
not repair. 

VII. To watch the good keeping of the trees close to the levada. 

VIII. To fulfill all the orders giyen him by the director as regards the levada. 
Art. 15. The caretakers of the levadas are co nsidered as forest-keepers, and are 

bound to watch the forest and bushes of his district complaining to the administra- 
tor of the locality should there be any damage to the forest. 

Art. 16. The director of Leyada Rabacal is bound to live close to the same levada, 
in one of the buildings, at a place called Rosadas, and to keep the houses clean when 
visitors stay there on their way to see the levada, and he is also answerable for the 
good keeping of the furniture, of which he has an inventory given him by the ad- 
ministrator, which there is a copy sent to government department of the district 
and one given to the caretaker of this levada. The director can have a house to live 
in conditional that he keep the tools belonging to the levada, and also those of the 
public works. 

PART SECOND^TO LEASE THE WATERS. 

Art. 17. To rent the water each levada must have a giro (that is a rotation of days) 
so that each lessee during the irrigation season shall receive the quantity of water he 
bargained for or bought. 

The giros are fixed. — For the Levada Rabagol is established every sixteen days or 
three hundred and eighty-four hours in each branch. 

For the Levada of Fajaa dos Vinhaticos every sixteen days or three hundred and 
eighty-four hours in each branch. 

For the branch of Inncol and Fnrado, that irrigates Santa Cruz, the giro is twenty- 
five days or six hundred hours. 

For the branch of same levada that irrigates Porto du Cruz the giro is sixteen days 
or three hundred and eighty-four hours. 

Art. 18. The leasing the said waters shall take place yearly in the month of March 
in the office of the administrator of the locality in the presence of the notary of the 
crown, and besides these, the director and levadeiros chosen by him are to be present 
to giye any information that may be required* 
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Art. 19. For the said leasing it is neoessarv that placards, signed by the adminis- 
trator, advertising the day appointed for the lease, should be posted in the most public 
places of the parish and at the church doors^ stating the giro of the levada and the 
price per hour. 

A copy of these placards shall be sent to the vicars of the parish where the levada 
ransy to be read before the mass is celebrated. 

Art. 20. The ^iro of the waters in each levada can only be altered by the Govern- 
ment after the civil governor has given his opinion and the delegate of the treasurer. 

Art. 21. The price of water in each levada is annually fixed by Government, ac- 
cording to information given by the different f nnctiooaries. , 

Art. 23. The lease of these waters are made so as to include the greatest number of 
landed proprietors whose grounds require water, making a just and equitable distri- 
bution of it according to the wants of each individual ; those that in former years 
rented water and paid for it have the preference, and that the quantity demanded is 
indispensable to the soil under culture to be irrigated. 

The water can not be rented to those who are in debt for any of the preceding 
years. 

Art. 23. The notary will take the names of all those that buy water, the quantity 
of hours bought, the price which the lessee has to pay, all signing a document in 
which they bind themselves to pay the amount as soon as it is demanded. 

Art. 24. Of the document above mentioned copies are to be made so that they can 
be sent, one to the treasurer by post, another to the director of the ^levada, and two 
others to the levadeiros. These last need not have the amounts of money written on 
them. 

Art. 25. The original of the above document to be kept in the archives of the Gov- 
ernment office after the necessary papers for collecting the amounts have been made 
out. 

Art. 26. The day on which the waters are distributed placards are to be posted in 
the most public part of the parish, also on the parish church doors. 

PART THIRD— TO COLLECT THE RENTS. 

V 

Art. 27. The collection of the water rent of the levadas takes place in August 
and is collected by the tax-collector of the parish. 

Art. 28. That the lessee ma^ know when the rents are to be paid the tax-collector 
must have placards posted up in the most public places, at least eight days before it 
commences, giving notice of, first, the place where the rents are to be collected ; sec- 
ond, the day on which he commences to receive rents. 

Art. 29. The lessee who can not pay during the said period has to pay 3 per cent, 
on the same amount or a fixed sum of 4 cents when the said amount comes to $14. 
The above is declared also in the placards according to Article 20. 

Art. 30. The receipts given must be according to model No. 2 of instructions pub- 
lished February 8, 1843. 

The list must be made out according to Article 24, before mentioned, and. must be 
in the hands of the collector before the 15th of July of each year, according to prac- 
tice already established. 

Art. 31. The sums received from the rents of water wiU be booked as " revenues of 
the levadas," and the 3 per cent, on fixed rate as revenues of the levadas. 

PART FOURTH— DIFFERENT DISPOSITIONS. 

Art. 32. The administrator has the same duties to fulfill as regards the levadas 
as he has toward other national properties, to see especially that uie services of the 
levadas are properly performed by those that are iotrasted with it. 

Art. .33. If the repairs of the levadas be so expensive as to call for the aid of the 
public works, the administrator of the parish is obliged to inform the delegate of the 
treasury that he may ask the civil governor of the district to have the necessary re- 
pairs made. 

Art. 34. The appointment of the levadeiros must be made yearly, by the adminis- 
trator, during the month of February. 

Art. 35. The salaries are to be paid every quarter. Other trifling expenses at- 
tending repairs to be paid at the end of each month in which they are made. 

Art. 36. To pay the salaries of the employ^, as well as the different items attend- 
ing the levada repairs, annual pay-sheets are to be made by the administrator and 
sent to the treasurer to be paid. 

The balance-sheets, to be paid, must be accompanied by the directors' vouchers 
signed by the administrator. 

Art. 37. If at any season the irrigation water is not all sold, the giro cai^ not bo 
^tered| but 1419 administrator m^^^ M the delegate of the trei^sury kaow, 
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Art. 38. If at anv time tbere is not a competent director appointed, the delegate 
of the treaenry in the district may appoint a person ad intertoinntilhe gets one to fal- 
till tbe place de&nitely. The appointment of the director can be made by tho adminis- 
trator, and in that case he receives the salary of a director. 

Art. 39. If the place of care-taker becomes vacant the director can appoint a per- 
son €td interim, until he definitely engaffes an Individ oal, in the mean time he must 
acquaint the delegate of the treasury of the person he proposes. 

ART-TRANSITORY. 

To proceed with the lease of waters for the current year the price of water is as 
follows, subject to the approval of the Government : 

In the Levada da FajaSi dos Ylnhatioos and its branches, 70 cents ; in Inncol 
branch, 60 cents ; in the Farado branch, 50 cents. 

If at any time tbe Levada da Faja& dos Yinhaticos has not safficient quantity of 
water for irrigation, for example, in the height of summer, the two branches are to be 
united by the mutual consent of both lessees the price then will be $1.40 eaoh hoar 
of water ; that the lessee receives. . 

The other levadas are subject to the same conditions when there is a dearth of 
water and in that case the price is double. 

HqMB DBPARTMSNT of THE DISTRICT OF FDNCHAI., 

March 28, 1862. 

The delegate of the treasury. 

Francisco Hayin db SomrA. 
Approved. 

Home Department or the District of Funchai^ 

April 7, 1884. 
The first official. 

Francisco Joaquinn Pestana. 

REPORT OF HENRY PEASE, U. S. CONSUL, SANTIAGK), ON ^W'ATER 
SUPPLY AND IRRIGATION IN CAPE VERDE ISLANDS. 

The sabject of irrigating arid and cultivated lands in this colony 
is not varied or extensive enough to form the basis of a report such as 
requested. 

!Nature has been so unbounteous in her supply of fresh water to the 
Cape Verde Islands, that there are no lakes, rivers, ponds, or large 
streams, except during the rainy months, which are August, Septem- 
ber, and part of October. But there are many springs on the islands 
of iSt. Antone, St. lago, and St. !Nickolas, issuing through the rocks at 
the base of the mountains, in the bottoms of the deep valleys and ra- 
vines. It therefore became necessary that the inhabitants should have 
settled near a spring. Yet about half the towns and villages on these 
islands are so remote from fresh water that all their supply is brought 
from 1 to 3 miles on donkeys or the heads of women. 

QUANTITY AND MODK OF lEEiaATION. 

It would be difficult to obtain any precise information as to the 
quantity of land under irrigation, as there are no reports -or statistics 
on such a subject. Yet from observation, and information received 
from some land-holders, I should not underrate the areas, by stating 
that the only lands receiving irrigation during the dry season, which is 
from November to August, are a few patches of flat ground in tbe val- 
leys below the level of the springs, cultivated as " garden plots. " 

The mode of irrigating is by making with a "hoe'^ (the principal 
agricultural implement used in this colony) a number of smaU ^Qobea . 
loading from the springs through t^^ie caltivate^ grounds. 
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EUKOPE. 

REPORT FROM DARIUS H. INGRAHAM, U. S. CONSUL, CADIZ, SPAIN. 

I can not learn of any maps or works on the subject, though the 
latter may exist translated from the French, but are regarded as merely 
theoretical and of no interest or value to a people who have from the 
time of the Moors, and perhaps of the Romans, carried on practical sys- 
tems of irrigation chiefly in the provinces of Murcia, Valencia, and Gra^ 
nada, and to a lesser extent in western Andalusia. In these provinces, 
especially Seville, which is watered by the Guadalquivir, whose valleys 
are rich not only in corks, grains, but in olives, oranges, palms, grapes, 
and other semi-tropical fruits, ditches are dug through the lands and fed 
from the river; and in other localities the irrigation is done by a sort of 
water raiser from wells^ called norias, consisting of a chain of buckets 
going over and over as they come up from the well, filling and emptying 
by the opieratiou, and propelled by a blinded animal, a horse, cow, ox, 
or mule« going rbund and round, and kept within the circle of the noria 
by a pole running from the head of the animal to the pivotal post. Thus 
gecurod he goes along all day long, around the circle without driver or 
guide. In some cases a steam engine is in use among large: properties, 
but the noria is of great antiquity. In Damiel, La Mancha, 3,000 norias 
are used, only in summeir, and the same exist generally throughout 
Spain. 

In Lorea, a town near Garthagena, where the land is salty and the 
river overflowed, an enormoas dam has been built in recent years to 
retain the water. 

. As no statistics are published, I am unable to reply to some inquiries 
of the circular, but it is believed that the difference between irrigated 
and n<Hi^irrigated lands is as one to twenty -five in value. 

There is no Government system or control custom regulating all, as 
it did in the time of those masters of irrigation, the Moors. For in- 
stance, at Granada a sort of court called the water court has existed by 
the customs of centuries, to pass on all questions of irrigation and 
rights between owners, and this court is regarded as high authority, 
dispensing exact justice and enjoying a reputation like none other in 
Spain. It is organized from custom ; it sits at certain times at the Al- 
hambra to hear causes, as it has done since the mediaeval ages, its mem- 
bers coming on ^lules or horseback, and alighting before the bench 
provided for the hearings. 

In one of the towers of the Alhambra a bell rings at different times 
of the night to indicate the flow of the waters of the Xenil and Darro, 
which have their confluence at this point and irrigate the vast Vega of 
-Granada. 

In this section I am not able . to give the names of any experts on ir- 
rigation, as in this consular* district the operations are limited as above 
described, but I would refer to Mr. W. Langdon, of Huelva, engineer 
of the Eio Tinto mines, who once furnished me an interesting paper 
on the teredo, a worm attacking submerged wood ; and in Cadiz, Seiior 
Don Job6 Maria Oonte, a distinguished writer and interested in agri- 
cultsiral subjects. 
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Tbe immense ini[>ortance and the succeBsfal solutioD of the irri^tion 
problem implies, has jnstly attracted, and no doubt will always attract, 
a vivid attention in all agricultural countries, and a»- regards tbe Ea- 
ropeaa continent perhaps more especially ao in Spain, where, owing to 
the heterogeneous character of the soil and climate, a judicious distri- 
bation and utilization of the water snppliedbyabundantrivers, brooks, 
and springe, or in certain regions, however not otherwise obtainable 
than by storage &om rain-fall and ntidergronnd sources, is, together 
with an obvions need, one of the most benetlcial agents for general pros- 
perity. 

Water, apart ftom satisfying the peremptory purposes of quencliing 
thirst, averting &re dangers, and contributing to public health and em- 
bellishment, proves a cheap and nsefnl auxiliary of industries, but more 
principally a capital element, a solid guaranty to enhance and increase 
the agricultural production and all other interests inseparably associated 
with the yield of the soil, a branch that lepresents the most conspicaons 
and positive wealth. 

Since in remote ages this rich and so oftentimes ooveted territory en- 
tered the noble road of civilization and human progress, cottivators 
could not Ml to become perfectly aware of the favorable influence ex- 
erted OQ the growth of plants, and consequently on the result of crops, 
through the opportane agency of irrigation, whether natural or artift- 
cial. It has been, therefore, the common aim of the Spanish people, as 
well as of those patriotic and enlightened rulers who have guided tbe 
destinies of the nation with a true devotion for tbe public welfare, to 
give a constant aid and all possible impulse to everythiug that tended 
to the protection and development of the water supply system. 

The hydraulic works for irrigation carried out in Spain in ancientand 
modem times, although not yet completed to sU the extent of wbich 
this country admits and even requires, show bold conceptions. They are 
in many cases magui&ceut, practical monaments erected by intelligent 
active minds, who thns have endowed large districts with the finitful 
and lasting germ of the luxuriant life there enjoyed by past and pres- 
ent generations. 

The treatise on " water and irrigation" (Aquas y Biegas, two vol- 
umes), which, as instructed by circular of May 2, 1889, 1 have the 
honor to send the Department of State with the presenG report, will, I 
am confident, afford useful information to the special committee ap- 
pointed by the United States Senate to investigate into the matter of 
irrigation as practiced in Spain, and perhaps excuse diverse omissions I 
may incur. 

While I respectfully call the attention of the Department upon said 
book saying that it is the only work published in this country which in 
every direction treats the subject in a reliable and exhaustive manner, 
I beg to mention that its author, Mr. Andres Plaurado, is the chief 
forestry engineer for the district of Madrid and a qualified authority, 
both at home and abroad. He recently, in the name of the Spanish 
"Ministerio do Fomento" (the department embracing public works, 
agriculture, industry and commerce), took part in the discussion held at 
the International Congress of f aris on the utilization of the water of 
streams. 

His views upon the subject " De Vavenir des canaux d' h-riftaUon," 
•uarliable essay, met the apijroval of eminent foreign scientific meu. 
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Mr. Llaurado's work, " Water and Irrigation," contains an elaborate 
historical and technical description of the canals and reservoirs built in 
Spain ; also useful suggestions, resting upon his practical observations, 
concerning construction, financial and economic results, and the best 
means to secure the success pursued in enterprises for irrigation. 

First of all, I will now point out the prominent conclusions arrived at 
by Mr. Llaurado, namely : 

It is an axiom that in northern countries irrigation increases the prod- 
uct of cultivation, especially in summer. 

In southern countries irrigation becomes absolutely necessary, 
whether to remedy drought or to overcome the consequences of unequal 
ra{u-fall. 

Eeservoirs become absolutely necessary in Spain to store up water 
daring the time there is rain, in order that the decrease produced in 
streams just when agriculture is most in want of it mightbe restored. 

Irrigation undertakings must divide in two different classes : 

(1) irrigation works which can be achieved by the single individual 
effort. • 

(2) Irrigation schemes which necessitate the interposition and sub- 
sidies of the Government. 

Private activity, from a financial stand-point considered, will be able 
to accomplish irrigation schemes, provided Ae rate consumers pay for 
water covers the expenses of working them, the amount of interest cor- 
responding to capital invested, and a fair profit. Otherwise the busi- 
ness must result in a failure for private concern, while, though it csi,n not 
be absolutely asserted, it is advantageous for the Government, whose 
ample unlimited means of action allow them to balance loss with profit. 

What now is met with at the "Canal Imperial de Aragon" and at the 
" Canal de Urgel," under direct management of the public admin- 
istration, clearly evidence that assertion. The construction of the first- 
mentioned canal cost the Government about ' 20,000,000 pesetas 
($4,000,000), and since the reign of Carlos III, when it began to be 
worked, up to our days the immediate direct net produce earned by the 
administration aggregates the sum of 37,000 pesetas annually ($7,400), 
a notorious meager yield in proportion to the capital invested. 

But the business, however, far from being ruinous for the State, has 
largely compensated the outlays by creating great sources of wealth, 
which deliver up to the public treasury a good part of their income. 

It must not be overlooked that, in order to render mutually advan- 
tageous to companies and farmers thetitilization of water schemes the 
irrigation tariff* must be rated cheap. 

The modest yet mighty sphere of private spirit is able to achieve 
with success many works in totality superior to the limited number of 
enterprises due to the initiative of the Government. 

That does not mean the Government should be allowed to monopo- 
lize this kind of undertakings. They are not feasible for the Spanish 
Treasury in its present circumstances, when it is rather too much influ- 
enced by the oscillations of politics. 

But the administration can promote such irrigation business as may 
aid the private companies by affording facilities to individual action, 
by making public the hydrological data, the investigation of which is 
not consistent with private initiative, and by framing accurate statistics 
on the riglits for use of available public water. 

As refers to the great works of canalization the Government ought 
to undertake the construction for its own account, and when they are 
finished cede them on fair terms to the irrigation syndicates, reserving 
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saoriflceH made by the people may not resalt ftnitless. 

The Spaoiah PeniDsnla extenda approximately over eight latitadioal 
and upwards of twelve and one-half lon^todioal degrees; its periph- 
ery measures 3,300 kilometers; the surface of its soil comprises 
abont 50,000,000 hectares (123,500,000 acres), with elevations exceeding 
;t,500 meters above the level of the ocean, vast table-lands, deep valleys, 
and nearly 2,000 kilometers sea-sbores extending along fonr slopes, 
washed by dt^erent seas, and facing different cardinal points of the 
globe. 

The contrasting conditions of climate enjoyed according to local cir- 
cam stances CAD well be imagined; theyare so manifoMthaj; in this sense, 
rather than a mere peninsular, Spain comprises by itself a vast conti- 
nent joined to the rest of Europe through the monntain range of the 
Pyrenees, and partakes the scale of subtropical np to snb-Alpine tem- 
perature, with burning summers, as in the Sahara Desert, or glacial win- 
ters, as in Scandinavia. ^ glance at the hereto appended summary of 
meteorological observations gives a fair idea on the physical conse- 
quences which arise in various regions. 

In the qualities of the soil all gradations exist, from the hardest and 
most compact clayish soil to that of the most loose and movable silic- 
ions nature, in all possible shapes, the evenest as well as the steepest 
and most rugged. It also differs in depth from the shallowest and most 
naked soil up to the most covered with vegetable layers ; and as to the 
hygrometrical conditioos from extreme moistnre to the most complete 
dryness, from the least fitted to irrigation, and to such as is perpetu- 
ally condemned to receive no other water than fW)m rain-fall. 

Of the total area of Spain (50,000,000 hectares) 40,000,000 hectares 
are cultivated for crops and pastures; about 2,000,000 thereof are bene- 
fited by irrigation. 

Among other peculiar fieatures common to the north coast of Spain 
the provinces of Santander, Oviedo, Biscay, and Oulpozcod, in which 
this consulate and its respective agencies of &ijon, Bilbao, and San 
Sebastian are located, partake of the most frequent and greatest rain- 
fell in auy part of the Spanish peninsula or in Europe, 

I qaote what Mr. Llaurado says, referring to the above-mentioned 
provinces : 

On account nf the great moisture, tbe air beioK almost a' waya in a 8tat« clone to 
saturation, ordinarily do other farmiue grouuds bnt the meadows reqnire a sopple- 
tory irrigation. In comparatively dry anmmera, however, some orciiards will be irri- 
gated, principally on alluvial soils of new formation where the underlying atrataiu, 
consisting ofloose pebble- stones, allows an caay permeability. Permanent meadows 
constitute the main basis of the agricultural Wi'altll, for tliey are calculated to aap- 
pl.v food for 400.000 heads of horn cattle and a, good, number of horses and alieep be- 
sidea, as refers only to the province of Oviedo, and nearly equal proportionate ciphers 
arii np]iiii^iili]i' rnr tbi" [vij:n;i!it ^^n^•'> inoviTifcs, L-H[ii-i'iftlly for Snntnnrter. 

In order to examine the cultiviitioii of meadows as it is practiced herci 
we must suppose them divided in two groups, namely, irrigated and 
not irrigated meatlows. 

The first ones are generally lying on the declivities or on the valleys, 
iu the neighborhood of some spring or brook, the water of which may 
be easily drained; and the last-mentioned meadows occupy the table- 
lands on the tops of mountains and all such places not much accessible 
for irrigating them by artificial means, which enjoy no other irrigation 
but that imparted by eventual rains. 

The irrigated meadows, in their turn, form two groups, in the first of 
which are included those the products of which are consumed by c^ 
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tie on the meadow itaelf, the sammer harvest excepted, this being 
mowed and stored for stable food. In the second group are comprised 
the meadows the produce of which is mowed and cattle fed therewith 
when yet green, and which furnish, besides, the summer harvest like 
the meadow lands of the first group. In these irrigations last during 
all the year, and are only discontinued as long as the cattle are kept 
within the stable, this being done the months of April, September, 
and October, on fine days in winter, when tardy frosts are feared, and 
dnring twenty to thirty days before harvesting the hay. 

Not irrigated meadows, in spite of the moist climate, yield considera- 
bly less than the irrigated ones, irrigation being, therefore, indispensa- 
ble if it is desired to obtain abundant pasture and hay. 

The remark has been already made that the water used for this kind 
of cultivation is either drained from brooks or from little perenninal 
springs, as well because of the continuity and facility of their utilization 
as on account of the difficulties met with in the drainage from streams, 
the most part thereof offering deep beds and an excessive slopeness. 

The system for irrigation of meadow lands most commonly applied in 
these provinces is that denominated " irrigation by inclined channels,'' 
or also ** spike channels '' {riego por regueras indinadaa or regueraa en 
espiga). The distribution channels are devised nearly in the sense of 
the greatest slopeness of the ground; the irrigating channels connect 
with them and spread out to right and left hand. 

A rapid sectional change takes place on the distribution channels at 
the point where they separate into branches with the irrigating chan- 
nels. The last-mentioned channels, by having a gradually narrowing 
section from their parting point down to the opposite end, pour out the 
water by getting inundated. Another contrivance is also combined 
with this briefly described distributive system which consists of col- 
lecting channels called azdrhes^ dug on the natural lines of junction on 
the meadow ground terminating in an outlet channel. Sometimes, 
when the extent of the meadow is not considerable, or when the quan- 
tity of water available is but small, the collecting channels are changed 
into new feeding channels for the supply of other lots situated farther 
down. 

Within the four provinces above named discrimination of three dif- 
ferent climates and regions must be made, depending from situation, 
whether on the sea-shore, inland valleys, and mountains. The climate 
on the sea-shore is mild ; orange trees can thrive in the open air. In 
the valleys the climate is fresh ; there orange trees, as also grape-vines, 
only thrive on sheltered places. The climate on the mountains is cold ; 
they generally in winter are covered with snow. Here lies the center 
of the Cantabrian Mountains, a branch of thePyrenic Mountain range, 
with lofty summits, some of them as high as 2,678 meters above the 
level of the sea. 

The highest temperature at the inland valley of Gabuerniga, San- 
tander, during a period of three years (1872-1874), as recorded by the 
foresty engineer, Mr. Louis Calderon was 48^ heat ia the sun, 39^ in 
the shadow, and the lowest, which, like the other extreme temperature, 
very seldom occurs, was 49 below zero. Many years the temperature 
never exceeds zero degrees. When the thermometer points out 8° or 
lOo, water generally falls on the mountain pastures lying highest, called 
pnertos or '* harbors," in the shape of snow. 

The forestal and cattle raising industries are the most genuine and 
prominent riches in these provinces, especially in Oviedo and Santander. 
The structure of the soil consisting of narrow valleys surrounded by 



324 IRRIGATION AND RECLAMATION OP ARID LANDS. 

moantaius with varied but for the most part too steepy slopes for a 
safe and commodious coltivatiOD, it is obvioas to say that the agricult- 
nre, limited to valleys aud flat lauds of small extent, cau never attain 
a great developement. But, in exchange for the forest aud cattle in- 
terests, there is proportionately immense room in the best conditions for 
success, as the frequent rain and continuous mists, covering almost 
constantly and at all seasons of the year those mountains, maintain a 
most suitable, fresh, and moist character to vigorous spontaneous veg- 
etation. 

The communal pasture grounds being abundant and of such good 
qualit^i^, natural meadows are, most of them, intended to harvest 
fodder for feeding the cattle during the time the atmospherical inclem- 
encies hinder a direct grazing. As the period when this occurs is no- 
longer than three or four months in the year, the cattle-raising industry 
is certainly susceptible of afar greater increase as soon as the meadow 
lands are more carefully cultivated and larger quantities of hay are pro- 
duced. With the quantity of fodder indispensable for a head of cattle 
in other provinces, three heads will then be fed here, because the period 
cattle have to be kept in the cow-house is much shorter. A permanent 
keeping in the stall is not advisable unless the absurd principle should 
be established to abandon the enormous wealth the beautiful and vast 
grazing grounds of the high meadows (puertos) represent. 

The system now partly prevalent in cattle-breeding is of course such 
as arises from the local conditions ; in the West region horn-cattle are 
raised until two years old, whereupon farmers in the East region and 
on the seashore devote themselves to raise the same up to full growth. 
In the first-mentioned region natural as well as high meadows (puertos)- 
are abundant, while in the other parts that kind of meadows are scarce,, 
and consequently cultivation-meadows become necessary. 

One should think that in the Cantabriau coast, one of the rainiest 
countries of Europe, the system of drainage, rather than that of arti- 
ficial irrigation, would often be applied. Yet irrigation is here of no- 
little importance, mainly to obtain natural meadows and repair the 
irregularities of meteoric water used for other cultivators. 

Irrigation is most frequently made use of here during the months of 
March and April, when grass begins to shoot up. The soil is left al- 
together inundated when strong frosts are feared, in order that the 
covers of water might protect the soil against the consequences of frost 
or ice. In normal years artificially irrigated meadow-lands produce 
greater harvest than those called ^^pra^as de secano " or " dry land 
meadows," but in exceptional years of drought the irrigated meadows- 
are the life-boats wherein farmers save their cattle. 

Milk, so its products, butter and cheese, all of an exquisite natural 
flavor in these provinces, it can be affirmed, have no rival of higher 
standard in the world. It is obvious to reveal the secret of such ex- 
cellent qualities, which consists in nothing else besides a good cattle 
race but the conditions of plenty of pure air and nutritive aromatic past- 
ures. The cow breeds called " of Tudanca" and of " Campoo," in the 
neighboring districts of Cabuceniga and E6gnosa, respectively, San- 
tander, and the "Asturian" race, province of Oviedo, justly enjoy a 
great renown. 

For centuries the mountain woodlands of Santander have been pro- 
viding with superior timber (oak) the Spanish navy and merchant ship- 
yards, also (beech) cooperies for preparing barrels or casks for wine 
and wheat-flour exportations to the Antilles. They scarcely have 
escaped the total devastation that has been the fate of pablic forests in 
Spain. 
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The plantiug of trees to replace those consurued or cut from the parish 
forests was formerly compulsory for all citizeus who enjoyed the rights 
to use the same. That duty is complet;ely neglected ; though it has not 
been repealed, it is not enforced as it ought to be. 

I have thought it pertinent to make some digressions on the circum- 
stances attending agriculture and cattle-raising, those two branches 
which form the great wealth of the mentioned provinces, because of 
their being so closely connected with irrigation. 

On the wholCj the geological and climatic conditions in this northern 
part of Spain keep the greatest resemblance with the counties compris- 
ing the '' wealden formation/' iiythe southeast of England, such as Kent 
and Sussex. 

An agent which considerably modifies the damp character of this 
climate is the south wind. It acts like an enormous sponge to absorb 
the humidity, and as a natural stove where both the air and the soil are 
speedily dried up. The atmosphere acquires then such transparency 
that scarcely any gradual lines or shadows of varying distances on the 
horizon are perceived. It is peculiar to the south wind that immedi- 
ately it ceases to blow it is generally followed with rain, and that while 
it is blowing on the coast, rain will most likely be falling on the elevated 
plateau of Old Castile. The winds which prevail longest in the year 
come from the west northwest, succeeding the periods from the south. 
The east-northeast winds are those blowing in summer until September 
or October, when they maintain clear, dry weather for longer time. 

In the provinces of the North, adjoining those where this consulate 
and its agencies are situated, irrigation by artificial means is practiced, 
more extensively at Leon, which borders on its northwest side with 
Sautander and Oviedo. The Ecla Canal irrigates there about 13,000 
hectares (32,125 acres). When its construction began (1859), the es- 
timates amounted only to 625,000 pesetas ($126,000), but ten years later 
(1869) the sum of 3,250,000 pesetas ($650,000) hati been expended. It 
carries a quantity of 6,480 cubic meters water per second. This canal 
was built by grant to a foreign private company. According to agree- 
ment the annual rate farmers have to pay for water varies from 19.45 
pesetas to 97.27 pesetas ($3.89 to $19.45) for each hectare of land irri- 
gated. Notwithstanding the yearly aggregate cashed by the company 
has been about 8J per cent, on the capital invested, it does not produce 
sufficiently to pay the interest to capital, the expenses of maiutainance, 
management, and of interest necessary for amortization. The company 
met with some embarrassment, perhaps, by not having secured through 
a formal written engagement how far they had to rely upon consump- 
tion of water. Until a j^ear when extreme drought prevailed in the 
country, the attitude on the part of many farmers to subscribe for the 
use of the water for this new canal was quite reluctant, but then they 
obtained a practical conviction of the i>ositive advantages derived from 
artificial irrigation to supply the absence of rain. 

On the vast plateau of Old Castile the '* Canal de Castilla ''crosses 
a distance of 207.792 ki'ometers from Alar del Eey, Santander, dividing 
in two branches at El Serron, Paleucia; one of them, the '*Oanal del 
Sur," 54.432 kilometers long, down to Valladolid, and the other, the 
*' Canal de Campos," 78.929 kilometers long, to Medina de Kioseco,'' 
the center of cereal production in the North, called for this reason, by 
Spaniards, '^ el granero de Uspafla^^^ or " the corn-barn of Spain." The 
section of the " Canal de Castilla" from Alar del Rey to El Serron takes 
the denomination of ''Canal del North," and is 74.431 kilometers long. 

The "Canal de Castilla" is an important water-road for transporta- 



serves also as a motire force for a good number of large mills and I'ac- 
tories. But the same is scarcely used as a meaDS of artificial irrigation. 
Its most notewortby works are seveo locks ou the " Canal de Campos," 
twenty-four on the "Canal del North," and seventeen on the "Canal 
del Sur." 

Ou the "Canal del Norto" section, the canal carries 4^.47 cubic meteri* 
water per second, being distribnted between tbe two branches in the 
proi»orciou of li.79 cubic meters to the "Canal del Sur" and 1.C8 cubic 
meters to tbe " Canal de Campos." Tbe uppermost part of tbe caual 
in the last- mentioned section is 15.55 meters wide, at the surface of the 
*ater 11.66. and at the bottom of the canal 5.83 mottrs wide; it has a 
depth of l.'JS meters. The towage-path along the canal measures 3.33 
meters width in places where the earth had to be cut off, and 4.44 meters 
at the embankments. 

The Pisuerga and Carrion a£Quents of the river Duro, are the feed- 
ers of the "Canal deCastilla," the construction of which, beguu iu tbe 
middle of the last century, was interrupted, and reached its completioa 
during the reign of Queen Isabel II. 

In uormal years the want of moisture necessary to tbe growth of most 
cereals, wheat, barley, rye, etc., seems not to be much felt on the bouud- 
less-IooKing corn-fields of the northern provinces ot Castile. The arable 
surface of the soil is deep and fertile, though the monotonous perspective 
of vast plain laud impresses the mind with aridness, seeing that it is 
almost completely denuded of trees everywhere, for the prejudice is 
most prevalent there among cultivators " that trees are only good for 
sparrows to build their nests on and as places of shelter for thp vora- 
cious winged enemies of plantations." 

During the war of Crimea the shipments of wheat-fiour from Castile, 
made at the port of Santander, amounted to enormous quantities. An 
enthusiastic fever then existed throughout Castile. The boasting 
phrase, "jljraa y sot y guerra en. Sebastopol," ("Water and sun besides 
war at Sebastopol,") whereby Castilian farmers expressed their pros- 
perous situation in those years, was so generally pronounced and re- 
peated that it became a proverbial sentence. 

A great number of flour-mills were erected on the canal, and (be 
largest possible extent was given to the production of cereals. Those 
exceptional incidental causes by which the agriculture was favored 
have passed long ago ; they are now not more subsistent. Farmers in 
Castile devore their care not only to cereals, but also to extend the 
grapevine plantations, and must adopt all improvements in modern 
agricnltura! progress if they will keep pace with the cheap productioQ 
of other countries. Irrigation will be of course a means to the profita- 
ble result of a varied cultivation. 

The province of Logrono bordering with -the back province Alava, is 
one of the agricultural districts where great benefits are obtained 
through artificial irrigation that makes it very productive in all kinds 
of fruits and vegetables. It is tbe richest orchard and kitchen garden iu 
the northern region of the river. Elbro, the sourceof whiehis atFuen- 
tibre (Fons Tilwrns), near Keynosa, Santander. This river becomes 
navigable at Saragosaa, supplies water for the " Canal Imperial," and 
some other of the most important irrigating canals, and no other river 
in Spain is more used for irrigation; the advantages it affords to agri- 
culture are considerable. 

At Logrono and the neighboring districts known all under the de- 
Domiuation of " La Kioia " good wine is obtained and mostly exporteU 
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to France, aud also shipped to other countries by Bilbao and Sautan- 
der. Fruits and vegetables (capsicum, tomatoes, peas, etc.), are pre- 
pared in cans in important quantities for bouse and export consump- 
tion. 

The practical and wise laws founded or issued by the Arabs during 
their domination in the south of Spain, in the provinces of Valencia, 
]M[urcia, and Granada, maintained there more specially Jt)y careful tra- 
ditions, are the basis of the new laws framed for all irrigating corpora- 
tion, who will enjoy certain privileges. These privileges consist substan- 
tially in tbe right that when as prescribed they unite in '* Sindicatos^' 
or syndicates, they can appoint their own independent courts, all pro- 
ceedings being public, verbal, and the decisions of these independent 
courts (Turados de Aguas) or water-juries inappealable. 

In Leon such syndicates exist, so in Logroi^o, but in none of the 
above-mentioned provinces of the North, where, for the reasons I have 
explained, artificial irrigation exhibits an individual, isolated aspect. 

Engineers in the construction of some of their great hydraulic con- 
trivances do, perhaps, only observe and copy the works of nature. 
There are no " lakes " formed by rivers in Spain to collect water for 
further distribution in " natural deposits ; " to supply the same on suit- 
able elevated places, sometimes in the mountain gorges, reservoirs, 
called '' albuheras '' or by the more modern name '*pantanos," are built, 
where the water is stored up. Acequia (as many words of Arabic source) 
means exclusively irrigation canal. 

In Valencia farmers have inherited with the valuable irrigation sys- 
tem of the Saracens *also their good practical habits for agricultural. 
There they know what great value water involves. They always care- 
fully look that the ground be well leveled in order that both the water 
coming from canals and from rain-fall is equally beneficial to the plants, 
because otherwise some parts of the soil will become covered with wa- 
ter while other parts remain dry, and in some others water will carry 
away the humus, salts, and oxides, the richest elements contained in 
manure to aid vegetation. Nobody knows as they do to retrench the 
flowers and buds when the plants are too overcharged, as they are aware 
that a smaller number makes fruits get ripe earlier and improves the 
quality. Nobody else knows better than those farmers how to select 
the precocious ears, one by one, with the purpose of ameliorating the 
species and accelerating the period for ripeness. The Valencia farmers 
remain constantly near their plantations, and through artificial irriga- 
tion they realize in that climate an abundant and incessant crop of 
rich products. 

• 

REPORT FROM J. L. RATHBONE, U. S. CONSUL-GENERAL, PARIS, 

ON IRRIGATION IN FRANCE. 

(1) Areas of land under irrigation; compare with the non-irrigable and 

cultivatable areas when possible. Also, quantity and quality of 

crops grown ? 

The surface of irrigated lands is roughly estimated at 2,350,000 hec- 
tares. As cultivated lands are not generally irrigated, it is not easy to 
compare non-irrigated with irrigated lands. Pastures are the only 
lands generally irrigated. 

The average production per hectare of irrigated and non -irrigated 
pastures is: Irrigated pastures, 37 quintals; non-irrigated, 31 quintals. 
This difference of 6 quintals represents a total value, in the first case, 
of 230 jhrancs ; in the second, of 190 francs, per hectare. Among the 



are irrigated. But tbo ralae of tbeir produce depends upou otber 

causes tbau irrigation. 

(2) SoDfces of water supply, whetlier from rivera, streams, springs, 

lakes, wells, reservoirs, catcbineiit basius, or tanks, etc. 

Tbe cauala out for purposes of irrigation all tlow from rivers. lu 
some iustauces attempts bavo been mado, by means of artificial reeer- 
voirs, to increase tbo quantity of water yielded by the river. It was 
tor this purpo»ie, for example, tbat the reservoir of Oridou was con- 
fitruotcd in tlio department of tlio Ilautes Pyr^D^es. Its object was to 
increase tbe volume of water in tbe river Xeste, fram wbich flows the 
canal of tbe same name. 

(;{) Character of works used for storage and distribution of water. For- 
ward jiublisbed reports, if obtainable, in regard to any imi>ortaut 

irrigation and storage works. 

The number of reservoirs above mentioned is still somewhat limited. 
The works carried out in view of distributing tbe water generally con- 
sist, first, of a principal canal, or chief branch through which tbe vol- 
ume of water to be distributed flows from the river ; second, of a small 
canal, fed by the principal one ; third, of a network of streams, drains, 
and ditches which provide each land-ovuer with tbe quantity of water 
to wbich he is entitled. 
(4) Tbe system of water distribution, whether governed by laws, roles, 

and regulations, or customs, give dnty of wat* per acre, i. e., tbe 

amount nsitd per acre and i>er season; the cost or rental to user; 

tenure of ownership of water, and whether the same b« public or 

private, national or community. 

Tbe use of water for iiTigating is regulated by the French code. The 
articles of the code bearing particularly on this point are the following: 

(]43, The owner of the spriiig can not change its codtsc when he provides the in- 
habitants of a commuDe, village, or Lautet ^i(4i the water noceBaary for themj bat 
^vbere the iDhabitaulsbavo notat^qoired or prescribed the nse of the same, the owner 
may demand a coDii)eiisatioD, tbo e:iact amount of wbich is to be fixed by an expert. 

644. The onncr of it property skirted by a ronning water wbich is not national 

Eropcrty, accordiDK to article 538, has a right to the use of the water for irrigatiag 
is lands while it flowa past them. Tbe owner of ancestral lauds traversed by this 
water may use it within tbe full limits of bis lands, on ooudition he restores it to its 
proper bed bcforo it leaves his estate. 

645. If a dispute arises between tbe land-owners to whom this wat«r may be useftal, 
the tribunal called upon to give its denisiou in tbe matter shall conciliate tbe inter- 
ests of agricuHnre with the r^pect due to the rights of property, and, in every caee, 
with tbe particular and local customs and regolatioue which pertaiu to the passage 
and iiao of water. 

The works executetl for purposes of irrigation may be divided into 
two classes: 
(1) Those nndertaken and carried out by companies called syndical 



{2) Those nndertaken and carried out hy a coutractor. 

WJien a ^yudical association carrifs tbo work into execution, ibi 
statutes usually determine on what linos tbe distributiou of water 
Bhall be regulMted. But when tbe works aie taken in baud by a con- 
traetor, tbo distribulioii is fixed, either by a decree published after tbe 
council of state has recorded its decision, or by adecreesignedby tbe 
prefect or chief magistrate of tbe department in which the works 
have been, or are to be, executed. Tb(i ]irefect is empowered to sign 
these decrees since August, 1S8G. 

The syndical associations are (K)mposed of land-owners whose inter- 




FRENCH TAXATION FOR AND REGULATION OF WATER. 329 



€sts are affected by the want of irrigation. Their i^owers, privileges, 
etc., are more or less determined by common law. 

The French Senate is at present discussing a projected rural code, 
•which will contain a certain number of articles relative to irrigation. 

In a general way the quantity of water required to irrigate a hectare 
is equal to an outflow of one liter per second all the year round. The 
cost per hecfare is apt to vQivy considerably if the works are executed by 
a syndical association. In that case the average cost may be set down 
at 40 francs per annum for a supply of water equal to about 1 liter per 
second. If, on the contrary, the works are carried out by a contract, 
the cost is always a fixed one, it can never vary, inasmuch as it has 
been determined by the deed of concession. 

The following table shows the figures of 'the tax raised for some of 
the leading irrigating canals : 



Canals. 



Pierrelatte 

Bronne 

Visubie 

Verdun 

Saist-Xartory 



Departments. 



Drfimo, Vauclnse.. 

Drdrao 

Alpr8 Maritimes.. 
Boucbe8-tIa-Ehdne 
Haute Garonne 



Cost. 



A. 



Francs. 
50 
50 
80 
70 
35 



B. 



Francs. 
GO 
GO 



50 



Wlien two figures are given for a single canal the figures in column 
A show the tax due by the land-owners who subscribed before the 
water of the principal canal (see Answer 3) was turned into its destined 
channel, while the figures in column B denote the amount paid bj' those 
who subscribed afterwards. In the case of the last-mentioned canal, 
the figures shown in column A, the sum paid by land owners who sub- 
scribe before the deed of concession was promulgated, and in column 
B the amount paid by those who subscribed after its promulgation. 

Springs only maybe owned either by private individuals, by the state, 
or by the small districts called communes. 

Eunning waters are considered res nullins, but the use of them is reg- 
ulated according to law on the non-navigable water courses. 

The water of navigable water-courses is considered national property. 

(5) Character of climate in irrigated region, and nature of soil, annual 
rain-fall, and other precipitation. 

Although the practice of irrigating is as widely spread in the north as 
in the south of France, it is chiefly in the regions bordering on the Med- 
iterranean, where the summer rains often fail, the most important irri- 
gating canals have been cut. In the north, east, or west the works de- 
signed to promote irrigation are nearly always carried out by private 
individuals. This is especially the case in the department of tlieVos- 
ges. In the south they are, for the most part, the result of the com- 
bined eiforts of a certain number of individuals. They are mainly un- 
dertaken where the soil is of a chalky nature and in lands formed by 
alluvium. 

Among the systems adopted to distribute the water may be men- 
tioned an interesting one practiced In the department of the Bouchesdu 
Rhone. It is a kind of irrigation by submersion. The lauds subjected 
to this method are constantly increasing in extent* 

The land owners whose properties are situated on the banks of the Rhdne 
obtain, when they require it, and by means of elevating machines, the 
quantity of water necessary for the process of submersion, which lasts 



tare. The estates iu the center of the island of Camarguc, in the same 
department, are less favored tban those seated on the river hanks. 
The water has to be conveyed to them from the river by means of smnll . 
canals and side channels, nliich generally belong to syndical associa- 
tions of a very remote origin. These side channels work dnring the 
rising of the Ithdne. As, however, the frame-work of theiv fiood-^tes 
is almost on the same level as the low-water mark of the river, when it 
is not higher, it often happens that, when the RhAne is low, the side 
channels become dry. Besides this, the season for sabmergiug the land 
often coincides with this antomual fall of the river, and irrigation ia 
practically brought to a standstill. 

Numerous plana have been formed to find these side channels by- 
means of large canals cut in the north of the island. But none of 
them have yet been carried out. Pending the execution of a plan 
a society of land-owners, headed by the Count of Chevigne, recently 
set an example well worth following. Their project is not less remark- 
able for the way in which it was conceived than from the resnlts which 
may be expected from it. They are thirteen in number, and their com- 
bined estates contain some 1,500 hectares. In order to keep their 
side channels constantly supplied with water they applied to several 
mechanical engineers for machines, and finally adopted an apparatus 
presented by one of them, and which has given the most satisfactory 
resnlts. ' 

Its characteristic feature is that instead of being a fixture it floats 
and can be conveyed from one place to another. Thus it can be made 
to work anywhere. It consists of a boat boilt wholly of iron, anc! 
equally adapted to fluvial and maritime navigation. Its length is 24 
meters; its breadth 5 meters; and its draught of water nearly U 
meters. It carries three engines on the compound system iu joxtaposi- 
tion, and of 200 horse-power. Two of tJiem each turns a rotary pump 
by bearing directly oo its beam. The third, which can be made to 
work either of the two pumps, is used only when one of the other en- 
(rines is out of order. On the one hand, these machines are condensing 
engines ; on the other, their steam is provided bj boilers on the Bigot 
system. These latter are used in the French Navy, and possess a col- 
lective warming suriace of 80 square meters. Their consumption of 
fuel is therefore comparatively small. The pumps fixed up on board 
are on the Decieur system. They raise the water from a depth varying 
between IJ and 2^ meters, according to the level of the Bhdne, and dis- 
tribute the water at the rate of from 750 to 1,500 liters per second. 

The following table gives more ample particulars. To nnderstaod 
its figures rightly it is necessary to know beforehand that they are given 
when both engines are working together and distributing 600 liters per 
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When the pumps distribute 1,500 liters instead of 500, these figures 
remain proportionately the same. The suction is performed in a special 
division provided with vases, and the water is thrust back into a col- 
lecting pipe which serves for both engines at the same time the boat is 
working; it is moored on the spot from which the water is drawn up. 
The collecting pipe has a weir provided with a slat spout. It runs into 
a sheet-iron reservoir placed at the head of the side channel and outside 
the river dam. The connecting of the weir with the collecting-pipe is 
accomplished by means of a link with a hinge to it which enables the 
spout to remp,in constantly in position on the edge of the reservoir, 
whatever the motion of the boat may be. By this arrangement the 
work done by the pumps is limited to a height corresponding with the 
difference in the level of the water, and with that fixed for submerging 
the land. This second level is slightly below the height of the reservoir 
itself. 

The annual rain-fall for all France is estimated at about 77 centime- 
ters. 

(6) Antiquity or otherwise of irrigation systems within the section 
treated of, and whether the same are maintained at public or private 
expense? 

The cutting of a certain number of canals for irrigation in the south- 
ern districts dates from several centuries. The more important works,^ 
however, are of comparatively recent origin. During the last ten years^ 
especially, a great impulse has been given to the construction of works 
devoted to irrigation. Subjoined is a list of the most notable enter- 
prises of this kind. It is taken from the "Journal d' Agriculture pra- 
tique.'' 



Departments. 



DrArae , 

Alpes^Maiitimes .. . 
Aude and H6rault . . . 
Da6me and Vaiicluse 

Basses-Alpes 

Haates-Alpes 

Aude 

Boaolie8-du-Rh6no. . . 



H6rault 

Lo.re 

Alpas-Maritimea . 
Ande 

Do 

Do 



Description of ^orks. 



Canal de la Bronne 

Canal de la V6aiibie 

Canal to be nsed for submerging both departments 

Canal de Pierrelatte 

Canal de Tranasqae 

Canal de Ventaron 

CanaldeCanef .., 

Drying up the Fos Marshes and purifying the waters of 
the Cran. 

Canalde G-ignao 

Canal de Farey 

Canalde Toilon 

Canal de Cuxac 

Canal deSiio 

Canalde Fabrezarn 



Coat. 



} 



Francs. 

13, 000, OOO 
7, 000. 000 
2,400,000 
8,000,000 
4. 500, OCO 
2, 000, OOO 
1, 000, 000 

18, 000, OOO 

4, 200. OOO 
7, OUO. 000 
1,200,000 
2, 000, OOO 

1, 160, 000 



The public treasury generally contributes one third of the costs of 
the works ; the laud-owners interested in them defray the remaining 
two-thirds. In the case of the mosl important works, the state, be- 
sides contributing its third, has guarantied for the space of fifty years^ 
to the parties who covered the loans raised for the purpose of carrying 
out the works, the interest due on the sums lent to the contractors^ 



THAXSLATIOy BT UNITED STATES CONSUL DUFAIS. OF KAVRB, OF A 
LETTEU UN IIIltlGATlOX FROM HJt. LUCIAN, CHIEF ENGINEER OF 
HOADS AND BlUDOES. DEPABTHENT OF CALVADOS, FRANCE. 

Cakn, Avgmt 30, 18S9. 
Sir : I bug to auawer id the following order the several questions asked in ;our 
Icltet of tbu tJtb inaCiuit : 

(1) CnlvBilos being a nattle-raising coontry since a Idd^ time, the utmost bae been 
duoe to utilize tlie water. The new demanda for irrigaCion are therefore very rare, 
aud it U to bo supposed that the surface of the irrigable lands is already under irri- 
eatiou. Tbis surface, accordiug to a statement made in 1870, was onl^ 1,372 hectareB 
()),3^> acres). This small proportion of Che surface of the department which contains 
{trrJ.OOO hectares (1,364.544 ncrea) is eipJainedby the dompnoss of the climatf, which 
ratlier ueeds being made ealubriona by drainage of marshes, eta., tlian by irrigation. 

It is ituportaut to note that nearly 20,000 hectares (49,440 a^res) are iringularly 
■watered by flood or wild .waters. 

Ariilicial irrigation is ejcclusivety applied to permanenli meadows. 

(2) The water used for irrigation comes exclusively from tbesCreams. 

(3) The works constructed od streams for the distribution of the waters used for 
irrigation geuernli.y con^t of bars fitte4 with water-gates able to be lifted above the 
bighi'st water. Tbeso bars are authorized by a prefectoral commiBsioo proscribing 
Itic ilimenslons and dispositious. Moreover, everybody may after anadniinistratiTe 
iij<ii]iry obtain tie authorization of using a stream of which he is a borderer, said 
water, after ho has used it, tobereturuedloita uutural course, under nil reseriJes, how- 
ever, of the rights of third parties. 

(4j Nearly all irrigations in Calvados are of a private character ; there are none of 
acollectivouseto report but two. 

Irrigation of the small valley of Aute (arrondissement of Falaise). A decree dated 
February It, 1^1, rendered alter Inquiry, has authorized and located the establisb- 
tnout of 16 bars constructed in the River Aute. A prefectoral decree settled the datee 
and hours of irrigation for each bar. The surface of the laud to be watered is l&S 
hectarws (376 acres). 

Irrigation of the valley of Orber within the limitsofthedepartmeat at Lisecua. It 
is not a iiuestion in fact of irrigation exclnsively. The land proprietors joined in a 
xyiidical usaociatlon to secure on one hand the irrigation ofS86 hectares (707 acres) of 
liicodowB, and on the other the working of the numerous factories situated in an in- 
dustrious valley, where there are at least 85 streams and brooks. This syndicate is 
regulated by a decree dated June 18, tH64, which stipulates the nseof the watersand 
settled the dates and hours of nsing the water, always considering the wants of the 
factories. 

A syndioal commission, whose members are appointed by the prefect (according to 
the statutes), manage gratuitously the iuterests of the association, the oxponsea, etc., 
by means of a roll rendered executory by the prefect and which is collected by the 
"receiver of fiuauce" of the district, commissioned to that effect. By means of 
this roll the expenses are apportioned between the interested land-owners in propor- 
tion to the value of their property. There are no fees for the use of the waters, 
which are common property of the adjoining landlords. • 

The syndical associations established previous to 1865 are under the rules of the 
law dated June SI, 1885, modified by the recent law dated December 22, 1888. 

(5) Climate damp ; the yearly average rain-fall is TOO njiltimetors (27} inches). 

Calvados soil, heaths and waste lands, 12,000 hectares (29,t)G4 acres) ; rich soil, 
150,000 hectares (370,800 acres); calcareous soil, 150,000 hectares (370,800 acres)j 
gravel soil, 8,!)00 hectares (21,212 acres); stony soil, 5,000 hectares (12,360 acres); 
saudy soil, 2,E0U hectares (6,180 acres); marshy soil, 70,500 hectares (174,276 acres); 
tlivcrse soils, 173,:iO0 hectares (429,092 acres). 

The most part of these soils is divided as legardsagricultural purposes in 317,000 
hectares (783,624 acres) arable lauds, and 141,000 hectares (348,550 acres) of natu- 
ral and artificial meadows. 



Metric denominations and their equivalents 

Meter equals 1^.37 inches. 

Hectare eouals 2.471 acres. 

Liter equals .908 quart, dry measure. 

Liter equals l.05li quart, liquid measure. 

Hectoliter eqnals 2 bushels, 3.35 pecks, dry 

Hectoliter equals 26.44 gallons, liquid 
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CANAL USE IN IRRIGATION AND TRANSPORTATION. 33$ 

Miicli atteution has been given to irrigation in France daring the 
past century, and the Government has from time to time sought to in- 
crease the public interest in this most important subject by publishing^ 
scientific reports on the same, and, more recently, by instituting 
*'concours'' and offering prizes to those adopting the best methods 
and securing the best results from irrigation. In the north of France 
irrigation is accomplished by simply inundating the land, and is con- 
fined principally to submerging meadow lands in the autumn by turn- 
ing off large quantities of water from the rivers and streams ; in the 
central portion, by the use of water from springs and wells distributed 
over the land by hand and machinery; and in the south province, the 
Department des Benches du Ehone and its neighbors, by irrigating 
canals. 

Irrigating canals of any importance are confined to the valley of the 
Bh6ne, the foot of the Pyr6n6es, and to only a few other localities in 
France. The canals of northern and central France are only used for 
transportation. 

Given sufficient water there is no reason why a canal should not serve 
for both transportation and irrigation. This is done in Italy with the 
addition of obtaining motive power from the current as well ; but iu 
France the canals only fulfill one function at a time with but a few ex- 
ceptions. 

The use of canals for irrigation is of very ancient date in France.. 
The first canal in Provence that we know of was constructed by Marius^ 
the consul, in 103 B. 0., for the purpose of transporting supplies to the 
Koman army, then encamped near Aries, and it Is probable that it after- 
wards, when abandoned as a water-way, served to irrigate the land con- 
tiguous with it. Arthur Young, traveling through Provence towards 
the close of the last century, was particularly interested in the irrigat- 
ing canals he there saw, and expressed his surprise that other parts of 
Francedid not imitate the Midi in this most important of rural economies. 

Irrigation of some sort is indispensable in the Midi. Without its aid 
agriculture would have to be abandoned. Three months and occasion- 
ally nine pass by without rain-fall. The summers are long and the heat 
great and continuous, while the sun shines through an intensely pure 
air, unobscured by a single cloud, subjecting the land day after day to 
a constant drying and scorching process and causing every particle of 
humidity to evaporate. 

The depaftmentdesBouches-du-Rhdne, to which the report is limited, 
forms the southeast of France bordering on the Mediterranean and, 
as its name implies, comprises the territory surrounding the mouth of 
the Bhdne. Its northern boundary is the river Durance, which, rising 
in the Alps, flows westwardly and empties into the Bhdne not far below 
Avignon. 

From the Durance the irrigating canals are principally drawn. The 
area of the department is 610,487 hectares. The entire surface artifi- 
cially watered embraces 35,091 hectares, and of this the Durance con- 
tributes water for 26,880 hectares, or — 

Hectares. 

Irrigation from the Durance 26,880 

Irrigation from Haveaone, Arc, La Toubouln, etc 2, 911 

Irrigation from theRhdne , 5, I^OO 

35,091 

A glance at the map on page 12 of the " Rapport sur la Concours 
ouvert en 1876,'' accompanying this report, explains why it is that 
the Durance has been so heavily tapped to supply irrigation for this 
department. s^ 



Provenoe is c<»npo8ed of moantaius, bills, and plains. The greater 
part of the soil is natnrally very poor, it being detritus brought down 
from the Alps by the Durance, and in flood-time spread over the 
plains. Strong winds sweep over it at time^. The soil natnrally pro- 
dnces only stunted trees and coarse grasses ; but by irrigation and the 
liberal ase of manure a maximum of fertility is obtained where ftvm 
the want of water absolute steriHty reigned. 

Oeographically speaking, the department des Bouchea-du-Bhdoe 
presents three distinct features. First. A mountainous section to the 
north and east, composed almost entirely of limestone of a dull graj 
color and in part quite naked of vegetation, and in part covered with 
wood. Streams from the mountains descend to the Dnrance, to the 
Bhdne, and to the Mediterranean. Second. Two plains, la Orau in the 
center of the department, very stony, and la Gamarque to the west, 
composed of mud and sand. ' Third. Murshes and ponds, shallow res- 
ervoirs, whose waters flow slowly to the sea. 

There was an old French proverb that said Provence had three curses 
to contend with-: Parliament, the river Durance, and the mistrsL 
Parliament was swept away by the revolution. The Durance, whose 
waters at times ovei^owed its lands and carried destruction in tbeit 
wake, has been tamed by man's ingenuity and from a curse its waters 
have become a blessing ; whilst the mistral, the northwest wind, the 
great drawback to life in Marseilles, and in all Provence, that at times 
sweeps with terrible force over the country up-rooting trees and destroy- 
ing buildings, has, owing to the greatly increased humidity of the at- 
mosphere, caused by the irrigations from the Durance, lost much of its 
former force, is less frequent, and of shorter duration. It is supposed 
that the mountains here were once covered with timber, the rain-f^I 
regular, and the land fertile; but their denudation of timber deprived 
the country of n storage for humidity; the rain-fall becoming irregu- 
lar caused the volume of water iu the streams to vary greaUy, 
mountain detritus was spread over the formerly fertile plains ; the heat 
and duration of summer became grently augmented, and the hot air aris- 
ing from the parched arid earth originated the mistral. 

There are Sve groups of mountains and they take up three-quarters 
of the department. The topography in this section is the most varied, 
the mass being twisted into peaks and chains, between which lie valleys, 
lakes, and ponds. The plains la Grau and la Gamarque lake up the 
remaining superficies of the department. They incline slightly towards 
the sea and the large rivers. La Grau, comprising 35,000 hectares, of 
which 15,000 are cultivated and irrigated {1875), is formed maintyof 
pebbles brought down from the Alps in the glacial period. Before the 
construction of the canal de Graponne la Crau was one vast uncultivated 
tract, affording but a scant and coarse pasturage enjoyed in common by 
the inhabitants. Since the coming of the canal this region has been 
metamorpliosed ; rich farms spread over what was once but a desert 
L;i Gamarque is that vast delta comprised between the two great 
braucbes that the Bhdne divides itself into before entering the sea. 

It keeps growing constantly from the additions made to it by the de- 
posit of matter carried down by the river in snspension. In area it is 
68,300 hectares; 50,000 are wild, uncultivated pasturage, and 23,OU0 
marshes and ponds, aud 15,300 under cultivation. There are several 
canals in this section, but the fignres above show how much remains to 
be done. The history of the formation of this plain by the river dates 
back to ICO B. O. From statistics of 1855 it api>ear8 that of the whole 
Area of the department about 7 per cent, is watw. 
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Hectai'es. 

Ponds and irriiicating canals 456.75 

.Transportation canals 44.38 

Lagoons 11,565.34 

Rivers, lakes, streams 23,270.64 

Total water area i 35,337.11 

Considerable tracts of land formerly under water have been reclaimed. 
In some cases a canal for drawing off the water from swamps and 
marshes has also been ased for irrigation. These reclaimed lands when 
properly drained and watered have proved fertile enough to pay hand- 
somely those who had the foresight to plan and execute the necessary 
work. 

When we come to examine into the quantity and quality of crops 
grown and the increase io and of the same due to irrigation, we are met 
with the difficulty of statistics that are conflicting and at times irre- 
concilable. 

Ei^-en in the extent of the department we find — * 

Areaof department statistics of— Hectares. 

1864 512,232 

1867 496,464 

1870 510,487 

^ difference for which no explanation is given. 

A table of agricultural statistics was prepared by M. Yilleneuve in 
1820 and one by the Government in 1870, which are taken as reliable. 
It will be seen that both these tables make the departmental area about 
the same. In 1820 the cultivated land was 169,000 hectares to 341,000 
hectares uncultivated, or as 1 is to 2 ; while in 1870, if we add the woods 
to the uncultivated, we have: Cultivated, 201,000 hectares; unculti- 
vated, 309,000, or as 2 is to 3, instead of as 1 is to 2, in 1820 ; a gain of 
32,000 hectares of cultivated land in fifty years, or about 19 per cent. 
Here are the tables : 

1 8 s o. 

Cultivated : Hectares. 

Arable land 105,000 

Meadows 16,000 

Vineyards 20.000 

Olives 24,0U0 

Gardens and pleasure ground 4,000 

169,000 

Uncultivated: ^ 

Wastelands 233,000 

Lagoons and swamps 47,000 

Woods, bush, and scrub 61,000 

341,000 

Total area 510,000 

18 7 0. 

Hectares. 

Wheat 70,200 

Rye : 390 

Barley 1,000 

Oats 8,400 

Com 50 

Seeds and dry vegetables 6,650 

Potatoes 5,900 

Cabbages, carets, beets, etc 6,000 

Madder 1,490 

Tobacco 80 

Hemp and teasels 983 

Fallow land 20,000 

Arable land 121,140 
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Hectares. 

Olives 12,000 

Vineyards 29,300 

Mulberries 3,000 

Almonds and other frait •• 13,000 

Orchards 1,300 

Gardens and pleasure 4,000 

Tree cultivation 62,600 

Meadows, dry 3,400 

Meadows, inigated 5,900 

Clover and other fields 8,200 

Grazing and fodder 17,500 

Woods and forests 87,800 

Willows and wickers 3,200 

91,000 

Heath and wild pasture 104,860 

Taxable built property 1,800 

Lagoons a5,000 

Marshes -. .* 17,000 * 

Roads, water courses, and uncultivated lands , 59, 587 

218, 247 

Total area 510,487 

According to the Government report of 1876 it appears that this in- 
crease of 33,000 hectares of cultivated land in fifty years was due solely 
to irrigation, there being about that much more land irrigated in 1876 
than there was in 1820. 

Statistics in France are not obtainable for periods of more than fifteen 
or twenty years at a time, then a break of a year or two occurs caused 
by a revolution and a change in the form of government, so that we 
have no statistics covering very long periods, we have them only in 
sections. 

Taking up the agricultural products somewhat in detail and making 
a comparison of certain years as obtained from statistics, we have for 
cereals in 1840, 70,312 hectares devoted to their culture, and after a 
period of thirty-two years, 1872, 82,223 hectares employed in the same 
culture. 

Wheat shows an increase of over 30 per cent. ; oats remain about the 
same; rye, which in 1840 was 2,711, in 1872 falls to 380 ; barley, in 1840, 
4,211, to 2,507 in 1872: corn, in 1840, 56 y to 30 in 1872, the tables 
showing an increase in area sown in cereals of 16J per otnt. in thirty- 
two years. 



Wheat , 

Maslin (wheat and rye) 

Bye 

Barley 

Oats 

Com and millet 

Total cereals 

Vineyards 

Potatoes 

Dry vegetableb (beans, etc.) 

Gardens 

Beet- root 

Olives. 



Hectares. 


53,23!^ 


1,135 


2,711 


4.211 


8,967 


56 


70, 312 


24, 991 


2,415 


2,207 


2,042 


307 


24, 475 



Madder 

Teasels 

Herap 

Malberries 

Katural meadows 

Glover find other fields 

Fallow land 

Woods (commons and private) 
Orchards and plantations 

Total agricultural area . . 
Boads, water-courses, etc 

Total area 



Hectares. 



4,143 

1,112 

31 

l,4o6 

5, 475 

5,470 

64. 432 

103.421 

6, 126 


463. 697 
49. 2M 



512.991 



WASTE LAND DISAPPEARING BY IRKIGATION. 
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Wheat i. 

Kye 

Barley 

(Maize) com 

Oats 



1871. 



1872. 



Total cereals 

Dried vegetables (beans, peas, etc.) 

Potatoes 

Tobacco 

Beet 

Madder.. 

Hemp 

Olive orchards 

Vineyards 

Fallow land 

I^atnral meadows 

Clover and other fields (sown) 

Woods and forests t 

Wild pasturage 

Other lands 



Total area 



Hectares. 

70, 858 

290 

360 

40 

7.346 



3,509 

6,569 

100 

129 

1,490 

3 

12, 000 

29, 397 

*23,000 

'9,000 

*10, 000 

*58,000 

*140, 000 

*138, 206 



510, 487 



Hectares. 

71, U9 

380 

2,507 

30 

8,187 



82,223 

3,650 

5,7;9 

217 

40O 

1,400 

3 

l-»,000 

28, 897 



* Approximated. 

t Woods and forests belong to the department, to pnblio establishments, to commerce, and to in- 
dividual owners. 

The increased area devoted to wheat was obtained from cultivating 
waste land. From 1820 to 1839, 65,000 hectares were auually sown in 
cereals ; from 1840 to 1859, a mean annual of 76,000 ; from 1860 to 1874, 
a mean annual acreage of over 78,000. 

As to the yield of wheat per hectare, it varies not only on different 
farms, but on the same farm in different years. A good year returns 
about 15 hectoliters to the hectare, or about 16|- bushels to the acre. 
In 1868 the yield per hectare was only 8.05 hectoliters, or about 9 bush- 
els to the acre. The wheat, winter wheat almost exclusively, is sown 
two consecutive years on the same land, which is then given a year's 
rest. 

Of fallow land — arable land permitted to lie idle — there was in the 
department in 1840 60,000 hectares ; in 1852 this had fallen to 29,000, 
and since 1862 to less than 23,000. 

The jury who examined the irrigated .farms in 1875 and awarded the 
prizes ♦ state in the *' rapport ^ that the disappearance of idle land is 
due to irrigation. 

* The prizes referred to were offered by the French Government in 1875 to encour- 
age the advancement of agriculture by irrigation. First prize, farms of over 4 hec- 
tares showing best results from irrigation, a gold medal and 1,000 francs ; second, 
700 francs ; third, 600 francs. 

t For farms of less than 4 hectares : First prize, gold medal and 600 francs ; second, 
500 francs ; third, 300 francs. A silver medal accompanied the second prizes and a 
hionze one the third. It was intended that the ^' concours'' should last for live 
years, but it seems that it was given up after two years. The first year thirty-nine 
farmers contended for the prizes, and the jury who visited their farms made a brief 
report on each one ; their report is to be found in the '* rapport " for 1875 that accom- 
panies this brief investigation. 
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The other more important products of the department are: Potatoes; 
Tegetables, dried and fi'esh ; the olive, vine, fruits, and tobacco. In 
their cultivatiou arrosage from the canals is being used more and more 
every year, as will appear later ou, 

For potatoes we have: 

1840 2,415 

1^53 3,446 

1871 6,569 

1872 5,728 

No statistics as to yield per hectare. 



«lr 
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For dried vegetables, beans, peas, lentils : 

Hectares. 

1840 2,207 

1852 2,608 

1862 :^407 

. 1871 3,509 

1872 3,650 

Fresh vegetables, market gardening, in 1862, 4,117 hectares. Since 
that time the raising of " primeurs" for the Loudon, Paris, and Mar- 
seilles markets has greatly increased, so that the acreage now given to 
fresh vegetables exceeds 6,000 hectares. 

The olive fell off from 24,000 hectares in 1840 to half that figure in 
1872, This was caused by the large importation of Italian olive oil and 
also to serious losses sustained by the French olive farmers, due to a 
succession of heavy frosts. 

The vine has experienced many vicissitudes and shows great fluc- 
tuation. 

Hectares. 

1840 24,991 

1855 44,069 

1869 61,303 

1872 28,897 

The old method of sowing wheat, etc., in the spaces, 1 to 2 meters be- 
tween the rows of vines, is now regarded as very bad farming, neither 
harvest being up to tlie full yield, and the land is rapidly impoverished * 
by the double work exacted of it. In 1866 a new enemy of the vine 
made its appearance in Yaucluse, and from thence gradually spread 
over the greater part of France, threatening the total destruction of 
viniculture. This was the phylloxera, a microscopically small bug, 
prodigiously fecund, multiplying itself by myriads on the roots of the 
affected vines, and exhausting the sap until the plant died. This insect 
after destroying one vineyard migrates to the next to continue its work. 
Various expedients were tried to kill the enemy, the object being to 
find some substance that, mixed with the earth, would destroy the insect 
without injury to the vine ; but these efforts were not crowned with com- 
plete success. 

A viticulteur, M. Francon, of the Bouches du Ehdne, conceived the 
idea of drowning the pest, and it now appears that if the afflicted vines 
are submerged under water for a sufficiently long time they are com- 
pletely freed from it. M. Francon submerged his vines for thirty con- 
secutive days immediately after the vintage and killed the phylloxera 
without injuring the vine. The quantity of water necessary to sub- 
merge a vineyard depends on the permeability of the soil. About 
864 cubic meters of water every twenty-four hours for each hectare was 
sufficient in M. Francon's case. The earth must be completely satu- 
rated to the depth of the roots. The submersion being accomplished 
the vines should be pruned and manured. This, of course, in the 
autumn after the vint-age. 

Among fruits the almond has been increasing in favor steadily since 
1860. From 1,500 hectares in 18(j0 the number went up to 7,000 in 
1870. 

Other plantations of less extent and importance are : Figs, capers, 
jujube, pistache, peach, apple, pears, cherries, apricots, pomegranates, 
medlars, quinces, walnut, prunes, and agerole. 

Much greater care and study is required for irrigating with good re- 
sults the larger fruit trees than is necessary with the cereals and vege- 
tables. 



Ill 1SG3 there were Heven hundred aud flfby-two farmers, wlioraisea 
183,{>U0 kilod of tobacco on 12i hectares, which the Ooveniiueiit report 
of 1875 says paid theui 945 fi'aijcs per hectare, or about $90 per aae. 
lu 1875 there were ouly two huudred aurt aixty-five farmers raisiutr 
tobacco on 43 hectares. These are the last statistics. Now as to cost 
of productiou. Ileavy uiauuriug aod frequent arrosage are requirai. 
The decliue in tobacco production is partly explained by Governmeut 
iuterfereuco. A t)i)ccial )>eruiit mnst be obtained to laise it, and Lk> 
Government specifies the kind of tobacco to be grown. It can be sold 
only to certain lirm» and at a fixed price. Its production in this depailr 
ment is unimportant. 

One is ted to compare southern California with Provence. The first 
has a milder average climate and a richer soil, enabling it to prodoue 
even a greater variety of fruit, in Euldition to the cereals, tlian south- 
em France. It is stat«d that the counties of Los Angeles, Santa Bar- 
bara, Ventura, San Bernardino, and San Diego are alone capable of 
producing all the figs, grapes, olives, oranges, lemons, uuts, and prunes 
imported from France, Spain, and Italy. Wlren land there is improved 
with bearing vines and fruit trees it brings Irom $100 to $500 i)er aci'i-, 
while unimproved land can be had for one-fifth that price. Unim- 
proved land in southern I<'rance means non-irrigable land, and can liu 
had for $15 per acre, wliile lands of iilentically the same soil that are 
irrigated {^Mt NOHt ttrros^), bring $500 per acre, devoted to the olire, 
sm^l fruits, etc. These are the land values given by M. Monestrel in 
1S22, and it seems they are abont the same to-day. 

Southern California presents a sinilar climate, better soil, doing away 
with or greatly lessening the use of manure, one of the heaviest items in 
French farming, and needing but one thing — irrigation — to make the 
whole country as productive as the very choicest sections now are aod 
capable of supporting an immense population. The most important 
question for southern California is irrigation, a rural economy that has 
been studied and snccessfuly practiced here for centuries. 

While the cereals seem to be suited to large farming ((a grande culture,) 
the vine, olive, small fruits, etc., pay better when produced on a small 
scale {la petite mltv/re). 

Southern California should be divided up into thousands of small fruit 
farms. French properties of this sort are frequently not more than 20 
acres, sometimes much less, that being all the land one average family 
can cultivate without the employment of hired labor. The products of 
such a farm are raised on small patches. 

One frequently' sees but one acre given to wheat, another to the riiie 
or olive, several for gardening, and the remaiudfer in pasture on a lu 
or 15 acre farm. The diversity of production prevents the farm work 
from being over-exacting at anyone period, enabling the family to work 
on the diftereut crops at different times, and keeping it busy all the 
year round. Besides it is found, even on these small farms, marked 
differences iu the soil occur, so that experience has taught that it is 
more profitable to divide up 10 acres in several cultures thau to confinu 
them to but one. These small farms require little or no machinery in 
the American sense of the word. 

Southern California should be covered with a network of irrigating 
canals as is the Bouches du Hhdiie. It appears that the Uanta Anu^i 
is tapped to such an extent that in summer the river bed is perfectly 
dry and the irrigating value of its waters quite limited. By the con- 
struction of reservoirs for the storage of the waters that are allowed to 
escape to the sea iu winter the irrigable area can be increased to any 
■'"Sired extent. 
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It is interesting to note that just as the water supply for arrosage in 
the Midi was and is managed by companies, so we read in the San 
Bernardino Times that " the Ontario Land Company has driven a tun- 
nel in under San Antonio Greek a distance of nearly 1,800 feet at a 
cost of about $52,000, and they have about 250 inches of water, worth 
$250,000. 

Part II. Irrigating canals, their origin and management, will be for- 
warded as soon as certain statistics can bo obtained. 



RC!P0RT prom p. p. DUPAIR, U. S. consul, HAVRE. 

[with INCL08URE8 ON IRRIGATION IN THE DEPARTMENTS OP MAN CHE, ILLE-ET-VI- 

LAINE, AND MAYENNE.] 

This service (irrigation) is under the immediate management of the 
chief engineer of ponts et e chanss6s (roads and bridges) in each depart- 
ment of France and under the head control of the chief engineer, 
director of agricultural hydraulics, Mr. Philippe, of the ministry of 
agriculture, at Paris. 

The fact that Mr. Quinette de Eochemont, the head engineer of the 
port of Havre, has been absent for some weeks, the only government 
ofiScer who could give me the desired information, must plead my excuse 
for not reporting before this. 

From him I learned that there is no system of irrigation in the arron- 
dissements of Havre and Yvetot, in the department of the Seine-Inf(6- 
rieure; the remainder of this department is under the management of 
Mr. Yivenot, chief engineer at Eouen. The chief engineers of the de- 
partments in my consular district, besides the above named, are Mr. 
Lucau, at Oaen, Calvados; Mr. Perrin, at Alenjon^ Orne; A. Gouton, 
Cherbourg, Manche; L. Eousseau, Eennes, Ille-et-Vilaine; Floueand de 
Fourzeroy, Laval, Mayenne, to whom I addressed myself for the re- 
quired information, and, with the exception of the two first named, they 
very obligingly answered my questions by the letters herewith inclosed, 
accompanied with my translation. 



[Translation.] 

LETTER OF A. GOUTON, CHIEF ENGINEER OF ROADS AND BRIDGES OF 

THE DEPARTMENT LA MANCHE, 

Cherbourg, August 17, 1889. 

In answer to the request for information which you were pleased to address to me 
on the 8th of this month, I have the hoDor to say that there is very little irrigation, 
properly called, practiced in this department for summer watering. On the contrary, 
the climate, which is a most temperate one, makes submersions of low meadows during 
the winter months by means of brackish water very useful. 

With these general remarks permit me to sum up the answers to questions 1 to 6 
as follows : 

(1) I have no data as to the extent of irrigable compared with nonirrigable or cul- 
tivated land in the department. It consists of pasture land for grazing cattle, or of 
meadows furnishing mowed hay. 

The quality of this pasturage is most excellent, such as that of Isigny, Bessin 
(neighborhood of Bayen), Carentan (or, properly called, Cotentin), Valognes, etc., 
producing the famous butter of Isigny and Cotentin, the best in France. 

(2) The water producing this ricU grass in the department of Mancho is almost 
exclusively rain-water. Rains are very rrcqiicnt bat rarely stormy or chilling, and 



Q-falt at Cberboiirg or Isign? teaobee from 1 



(3) Tliereroro there are DO reservoirs, oot; simple trenches, fur the distribution of 
the water oil irrigated meadows. 

(4) Tbe naaKoof water for irrigation ia regulated by oo in raon lft\v(artiolM643,641, 
Gib, cimXo civil) and the laws of April 29, 1845, and July 11, 1847. 

Besideo that, work uf irrigatiou occaaious syndical OHaociations, snbject to the lan~ 
of June ai, 1865. 

(5) The climate of the eoil h moat variable in the di-partuent of Manche, preoent- 
in){tbe greatest variety of geological forinalioDS next to tillable soil. 

(G) Tbe local habit of Bubiuerging lunde in tbe winter months in. sweet wtAev is 
very aocientj it is principally pmctictd on meadows aud iiasturea near the sea, 
where the noil ia below the level of high tides. 

Winter Irrigation in other regions of ibe department is in tbe hands of indtvidnalH 
witbont either rules or co-operation. 

Tbe general service of the water-con rses, useful as well as detrimental to agricult- 
ure, devolves upon the department of ponts et chause^es (roads and bridges), liavini; 
charge of agricultural hydraalics and belon^ng to the minister of agriculture. 



Renmks, August 14, 1^89. 

8ut: Irrigation in the Department of Ille-et-Vilaine is of very small Importance. 
Here is in aftew words my report to the minister of agriculture: 

Regular irrigation, that is to say, such as permits the possibility to admit and to 
draw off again the waters according to the requiremeuts of cultivation at the prop«r 
time, is oxtremrly rare. 

One single instance of this kind has lieeii submitted to the engineers in 183S con- 
cerning the brook Franijais, on the confines of the departments of EUo-et-Vilaine and 
Manche. 

Elsewheto irrigation consists only in snbinersion, in cousequenoe of the rise of 
brooks, of natural meadows situ ateil ia tbe bottom of their valleys. Tbe receding of 
the waters into tUeir beds after freshets is facilitated by a great number of trenclies 
dug at the confines of the several parcels of lields or traced according to the deprei>- 
sionsof the eoil. 

Submersions are also practiced in some dried up ponds which have been trans- 
formed into meadows- These ponds having been drained by breaching a dike or high- 
way to allow tbe water to run off, the system of irrigatinu consist^ in temporarily 
stopping up such breach to allow the water to rise and to overflow the Deigbboring 
fields. 

LISO.N EODSSEAU, 

Ckie/ Enginetr of Rood and Bridget, RU-et- POaitut. 



LETTER OF MR. FLOVAND DE FOUZEROY, CniEF ENGINEER OF ROAD 
AND BRIDGES, DEPARTMENT OF MAYENNE. ■ 

I^VAL, AnguH 10, 1889. 

Sir: Yon ore pleased to send me an interrogatory regarding irrigation. 

I should have been happy to answer it, as far as this department is ooncerned, bul 
it would bedifficnlt to do so in a precise manner. 

Irrigation is frequent, in this department, where tbe soil is very ranch brokea nnd 
divided into a great many basins; there are thus many smaU and rapid water-canrHSs. 
where it is easy to construct small dams and to turn the water into trenches to irri- 
(;ate anmerotiB natural meadows; but there are no statistics cxititingto stato the ri- 
tent oflnud snsTOjitiMu nf irrigation coiiipureil with such as is miu-snRppptibln. 
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There are no reservoirs; there is only one syndical association of small importanoe 
occapying itself, principally, with the draining of meadows with the view of making 
them salubrious. 

The climate is rather rainy, the subsoil impervious; there are no extended or deep 
valleys, neither are there table-lands or heaths. 

On the whole I don't believe that the interrogatory which you did me the honor of 
addressing to me can be atiswered in an interesting or precise manner. 

Please accept, etc. 

Flouand de Fouzkroy. 



REPORT FROM ALBERT N. HATHA WAT, U. S. CONSUL, NICE, ON 

IRRIGATION IN SOUTHERN FRANCE. 

Irrigation here is applied for themostpart to ornameatal, horticultural, 
and vegetable gardens, Instead of to fields of general agriculture, and 
to no grain lands whatever, and in but small extent to the vineyards 
and orchards of oranges, lemon, and olive. The expense for flowage 
water, procured from the hydrants works of the city of Nice, renders 
such use largely unprofitable, and the scarcity of the natural supply 
precludes its systematic application to any wide degree, except in the 
valleys of the "Var and lesser rivers. When irrigation here is practiced 
production is doubled without injury to the quality of the crop ; sterile 
soils, long useless, recover and yield abundantly, and in many localities, 
to insure valuable returns to the husbandman, it is of absolute necessity. 

The ordinary sources of water, for the purpose, are ancient wells from 
which, during hours in each day, it is drawn by mule-power and quite 
primitive machinery into distributing tanks and inherited slow methods 
of labor. 

The said company having obtained a concession, with an appropria- 
tion therewith of two and one-half millions from the state, was organ- 
ized in 1878 and its works established at a cost of 12,000,000 francs. 

Its supply is obtained from the river Vesubie, in the valley of that 
name, distant about 30 miles from Nice, from which river it is led, flow- 
ing at the rate of 4,000 liters each second, in an open, cemented 
canal to a distributing reservoir on the heights in the suburbs of said 
city. In its treaty with Nice the company is bound to supply the city, 
for the annual payment of 80,000 francs, with 60,000 cubic meters of 
water daily for its abattoirs, sewers, fountains, and public works. The 
water for domestic uses, also provided by said company, is derived from 
a separate source, viz, the mountain springs of Sainte Thecle. Under 
the aforesaid concession from the state the company covenants, during 
the term thereof, viz, until 1972, to maintain the construction of their 
works for the public utility of the region and to furnish flowage at fixed 
prices therein stipulated. Otherwise than this, said corporation is un- 
subjected generally to the Government control. The established tariff 
for its continued use for irrigation on ordinary levels is as follows, viz : 
For 1 cubic liter per day, annually, 30 francs ; for 2 cubic liters per 
day, annually, 55 francs ; for 3 cubic liters per day, annually, 60 francs, 
and for each additional daily cubic liter, 20 francs annually. The tarift* 
for its periodical use is proportionate to the above table, conditioned, 
however, to an agreement as to quantity to be consumed. The service 
pipes are in all cases at the charge of the proprietor. 

The region, having thus facilities of irrigation, is by nature restricted 
to the foot-hills and narrow valleys of this district, beyond and above 
which are the mountains barreti of or discouraging to cultivation. The 
limits, owing to the configuration of the coast, the counter scarps of 
Alps, and the proximity of the sea, which serves as a vast reflector of 



tbe auubeams, is semitropicnl iii character. Ihn sou, producing two 
or more varialile crops a year, is alluvial, with a humus surface and a 
gravelly substratum, and quiclily absorbs all moisture. Id May tlie 
tiamperatiire averages 64°, in June TOo, aud iu July and August 78^ Fah. 
In winter it averages 52°. From May to IS'ovember more tban one 
bnndred days are usnally without elonilB. The average rain-fall is 
^m 80 to 100 centimeters i>er aonum. 



I have the honor to report that on receipt of yoor circular Instrnct- 
ing me to furnish information on tbe subject of irrigation as practiced 
In this country, I immediately applied for statistics to the prefect of 
the ten provinces composing this consular district. 

In course of time, after the delay asaal to these officials, they replied 
that, owing to the scarcity of watercourses, there were no lands nnder 
irrigation iu thuir respective provinces. It is claimed that the geologi- 
cal aud lithological condition of the country are such that it wonld be 
imitossible to carry iuiy system of irrigation into effect. 

Thi8countryde|>ends absolutely on ^6 rain falling mainly during tbe 
months from November to April. The average annual rain-fall is said 
to be about 20 inches. There are some lands under private irrigatioD. 
The water supply belonging to the respective land-owners is taken from 
wells, at a depth varying from 25 to 100 feet, water being found in 
abundance at that depth in most parts of the country. Near the coast 
of the Adriatic and Mediterranean wells are formed by the infiltration 
of salt water. Some of these belong to communities, bnt no definite 
law or regulations appear to exist for the use or distribution of tie 
water, and there is no irrigated land, in the true sense of the word, in 
this district. 

I inclose a copy of the law concerning the derivation of pnblic waters 
aud aleo a publication discussing a project for supplying the province 
of Ban with water for domesiic purposes. 



I deferred aiiswpiiup Dii^ l)<ii;irtnient's circul;ir of May 2, 1881>, con- 
cerning the uietlioda of in-itr-itiou i" nso in my consular district, until 
I couhl fully possess mysi'lf of the facts of the case. To this end Is»it 
the circular, thronyli lion. Oscur Planat, the mayor of Cognatt, to the 
chief engineer of La Chsn-eiile, at Angoalfeme. I received from him a 
few days ago, throus'i ll"^ mayor, a long, rambling reply to my i^te^ 
ixjgatories, which may be simimed up as follows : 

(1) That the engineer hiis no knowledge of any system of irrigation 
now in pra^itical use in tliis department. 

(3) That all liis information is derived from the library and archives 
of his office, and (Inally thiit he refers me to the departments forming 
the old government of Provence, There, he says, extensive systems of 
irrigation are practiced. IIi; .ilso suggests that inqniries should be 
addressed to the minister ni iigricultnre, at Paris. 

For my own part here :irc my observations: 

This part of France is quite abundantly watered ; the Charent«, tiM 
Nee, and many other smaUer streams traverse it, and so far as my ob- 
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servation extends the question witli farmers here is what to do with 
surplus water rather than any question of irrigation. All the canals, 
dikes, and ditches are exclusively for the purpose of restraining over- 
flows or for draining wet or submerged lands. The river and creek 
bottoms are generally broad and level and very subject to overflow, to 
the great de^imeut of the grass planted thereon. The receding waters 
leave a fine deposit of mud on the stems and blades of the grass, which, 
drying with the hay, becomes a dust very damaging to the stock eat- 
ing it. At this moment, when the new hay crop is come into market, 
almost all the horses of the arrondissement are affected with a severe 
cough like that of hay fever. 

The highlands of this arrondissement are quite out of the reach, in my 
judgment, of any praeticable system of irrigation, nor does it require it. 
Some seasons are said to be very dry, but a protracted drought I take 
it, is aratherrare occurrence. Theprincipal characteristics of the climate 
appears to be its humidity. The night moistures or dews seem to me 
quite sufficient by themselves, the soil meanwhile being a little stirred 
to furnish all the plant requires. 

I send no maps, published reports, or books on the subject of irriga- 
tion in France, as the consul at Marseilles, where that system of agri- 
culture prevails, can make a more discriminating selection than I could 
here. 1 content myself with saying, in fine, that no system of irrigation 
prevails in my consular district. I do not know, nor have I been able 
to find, any competent expett on that subject. 

REPORT FROM WALLACB 8. JONES, 17. 8. CONSUL, MESSINA. ON 
IRRIGATION IN THE PROVINCE OF MESSINA, SIQILT. 

Irrigation in Sicily dates from the occupation of the island by the 
Mussulmen. They took possession of Palermo in 831, and gradually 
extended their sway. Bnins of the Emir's castles, agricultural terms 
still in use relating particularly to irrigation, and numerous African 
plants all testify to their former presence here. In the year 872 they 
first began the use of the ^^noria^ {seme), raising well water into water 
towers (giarraton) or cisterns (giabiat)^ whence it was distributed by 
means of small ditches (sajat), and this is the system in general use to- 
day. 

Irrigation did not attain the same development in this province as in 
that of Palermo for the reason that water veins are not as numerous 
here. Since 1850 the search for water has been steadily on the increase, 
due to new methods of reaching it (by drilling) and of raising it (by end- 
less chains of iron buckets instead of the old-fashioned 7ioria with pad- 
dles) and to improved gearing. Water is pumped up, and many of the 
wells are 100 feet deep and over, by horse-power ; oxen are also much 
used for this work, and occasionally by steam-power. There is no coal 
in Sicily, and the lack of roads makes its transportation from the sea- 
shore too expensive. 

According to the Italian civil code all waste under the beds of rivers 
or torrents belongs to the State ; but while this is the law it happens, 
nevertheless, that owners of land along the water-courses use the water 
with more or less immensity, so that but a small quantity may be said 
actually to belong to the public domain. 

The supply of water for irrigating purposes in this province is small. 
The extremely mountainous district of Val Demone is not adapted to 
the percolation of rain-water, particnlarly as a short-sighted policy has 
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destroyed tlie natural reservoirs, the forests, thus permitting the rain 
to rau off* aud waste. As a resalt not a single river is to be found in 
the province, bat we meet at every hand destructive torrents (their beds 
are dry in summer), whose havoc is ever on the increase. There are no 
less than thirty torrents in a stretch of country 45 miles wide in this 
province, ^b^atural springs are but few, so that the greater portion of 
the water used for irrigation as well as for drinking purposes is ob- 
tained by means of costly hydraulic works, tunnels, wells, cisterns. 

The topography of the Messina district does not allow of the forma- 
tion of lakes, and, with the exception of two small brackish sheets of 
water near the Faro and of a fresh-water pond in the commune of 
Bouella Valdemone, we find no lakes here. 

Owing to the deficiency in the water supply and to the greater por- 
tion of this district being mountainous but one-sixteenth of the total 
cultivable area (i. e., 14,000 hectares) is irrigated. Of the irrigated area : 

Hectares. 

Oranges and lemons occapy 7,600 

Market gardens** 800 

Flax and hemp 200 

Indian corn 1,000 

Legumes (beans) 1,400 

Fruit trees, peaches, pears, etc 500 

Reed cane 2,000 

Marshes 500 

14,000 

Irrigated land produces crops not only superior as to quality but 
threefold as to quantity compared with non-irrigated land. Irrigated 
open land sells for three times as much as the non-irrigated ; near the 
city of Messina it fetches from $780 to $1,230 per acre. 

The water is i>umped into well-cemented reservoirs or vats, generally 
prismatic in form (because cheaper), rarely circular. We also meet 
with covered cisterns. From the collecting reservoir the water is made 
to pass into the distributing reservoir through gutters called " con- 
dotti,'' or '* tubi,'' conduits or pipes. The water is carried from the dis- 
tributing reservoir to different parts of the grove, either by trenches 
called " sajat," or by brick conduits either closed or open on top. The 
latter are known as " brinzi." 

The open conduits are to be preferred, because they do notchokeand 
because they are not liable to burst. 

Should the grove be extensive, small distributing reservoirs called 
^' bisternoli'' are established here and there. 

This distributing of water for irrigation purposes, when the water is 
private property (for by law the owner is allowed to make what use of it 
he pleases, provided he does no damage to his neighbors), is not gov- 
erned by law, but by special customs that vary with the locality and 
which it would be impossible to enumerate. 

The cost of water for irrigation purposes is so complicated a matter 
that it can not be fixed precisely, l)ut this much can be said : In this 
province a penna (a goose-quill) of water, i. e., 36 gallons of water per 
hour, costs from $2u0 to $2G0 per annum. 

Here, as a rule, water is private property. Some communes own 
water either by pnrcliascfrom private parties or because its source is on 
community land. 

The title to water is acquired by bargain and sale, exchange, gift, 

*Ifc should be added th.it garden tnick is very generally caltivated in the vacant 
spaces iu orange and lemon groves. 
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and can also be acquired by prescription. Not less than thirty years 
of undisturbed enjoyment are necessary to create title by prescription. 

As to the climate of this province, the maximum of heat is 87^ Fah. 
Some winters the thermometer falls to 20° below freezing, but this 
temperature prevails for a very short period. Snow covers the tops of 
the mountains for several months during the winter, and nearly every 
year reaches the sea-shore, covering the ground for a few hours. At 
Messina the temperature changes with the currents (which are tidal) 
that pass through the straits. From October to December it rains fre- 
quently ; in January and Februar;}' it rains and snows; in March and 
April it rains constantly. Open weather begins in May and lasts to 
September with an occasional heavy down-pour. Annual rain-fall 22 
inches. During the spring and autumn months fogs prevail on the 
mountains; it rarely hails ; dew and white frost occur frequently; frost 
in April inflicts considerable damage. 

No hydrographic maps or publications bearing upon irrigation in this 
province exist. Less attention has been paid to irrigation in Sicily than 
in any other portion of Italy; but little progress has been made since 
the days of the Arabs. 

A few years ago a technical school for instruction in hydraulics was 
opened in Palermo. If the water of the numerous torrents in Sicily 
were to be controlled and utilized in irrigation, many localities now in- 
fested by pernicious and malarial fever would become healthy and hab- 
itable. Statistics show that one-fifth of this island is subject to the in- 
fluence of stagnant water and of the dry beds of torrents during the 
summer and the organic matter accumulated for centuries in these low 
spots breeds foul emanations that poison the air. 

No works for the storage and distribution of water have as yet been 
undertaken by the Government in Sicily. In 1858 a company with a 
capita] of $150,000 undertook, under a charter from the Bourbon 
Government, to utilize the water .of the Kiver Simeto in irrigating a 
portion of the plain of Catania, the total area of which is 65,506 acres. 
A rough stone dam Was thrown across the river at Paterno and two 
principal canals, one to the right (20,000 yards long) and the other to 
the left (30,000 yards long) of the river-bed were opened down to the 
ocean. Four secondary canals (leading from the principal canals) were 
also opened, and these were intersected by numerous irrigation ditches, 
the latter of a total length of 10,000 yards. The banks of the canals 
are faced with stone or with logs whenever the land has a tendency to 
slide. At the dam the canals are 6 feet wide at bottom, 29 feet wide at 
top, and 6 feet deep ; the banks have an incline of 45 degrees. 

The dimensions of the canals decrease as you go from the dam. The 
depth of water in main canals should never exceed 4J feet. The average 
mean amount of water that passes through the canals is 722 gallons per 
second. The company charges $67 per 7 gallons a second from April 
to October 1, and $33.50 from October 1 to April 1. 

In the plain of Catania, on a calcareo, argillaceous soil, wheat legumes 
and flax require 4 J inches of water from October to April. Summer 
pasture lands require 12 inches of water. The very stift" clay lands in 
this plain appear to be adapted to rice culture only. Quite an area is 
so flat that the water ponds on the land and the slime left by the water 
impoverishes the land and makes it more difficult to cultivate. This 
undertaking has been a failure financially ; not only has the original 
capital been sunk but a debt of $120,000 hangs over the company. 

The only other work of importance in Sicily connected with irrigation 
is the dam 2J miles above Ferranova, province of Caltanisetta. 



Tliis massive stone dam is 360 feet loug, 24 feet wide at tbe base, 15 
feet wide at the top, and 30 feet bigb, and was tbrowc across tlie Biver 
Gelaat a cost of $35,000 by the wealthy Duke of Moutelevore, descend- 
ant and heir of the great Cortes, as far back as the year 1788. An irri- 
gation canal leads out from either wing of the dam; area irrigated 
11,860 acres. Below the dam tbe water falls on a stone platform 138 
feet wide by 123 long, and then follows its old bed to the sea. At tbe 
]>oint where this dam is erected tbe river runs through a gorge, tbe 
sides of which constitute Datural stone walls. An elliptical gap, 80 feet 
wide by 10 feet deep, has been left towardsthe middle of the dam. At 
this i>oint fascines are thrown against the dam on the water side, and 
earth is thrown on the facineB, conBtitatiug as it were afloating island, 
tbe snrface of which is brought almost to a level with the dam on either 
side of it. Pistachio trees, tamarack shrubs, and grass are set to grow 
on this island, which serves as a tumbling dam. 

As the wat«r rises it gradually rus off, overflowing the island, which, 
in times of a strong freshet, is carried away bodily. It costs 8500 per 
annum to keep np this island ,; it would cost $800 to replace it. The land 
iiTigated by means of this dam produced from 1863 to 1865, 5,000 bales 
of cotton (of 150 pounds) per annum. Cotton is still grown forborne 
wants on a small scale. 

Since 1865, the Italian Government has expended large sums in drain- 
ing marshes, lakes, and ponds, and in controlling the course of rivers and 
torrents in Northern and Central Italy. Valuable documents, not for 
sale, however, treating of these works have been published by the min- 
ister of public works. As yetnogovernmeutreport has been published 
treating of works of irrigation, and to get at figures it would be neces- 
sary to apply to the several prefectures of the several provinces. 

By the law of December 25, 1883, the Government is empowered to 
loan funds (principal payable in thirty years) at 30 per cent, to irriga- 
tion associations (consozzi) and to provinces and communes for tbe 
purposeof carrying on worksof irrigation, provided the supply of water 
to be obtained shall be not less than 25 gallons per second and provided 
the province or commune advances an amount at least equal to one- 
tenth of the sum loaned by the state. 



In Sicily, generally speaking, no attempt is made to grow oranges or 
lemons unless it be possible to water the trees during tbe saminer 
montlin^ There Are, however, favored s^tots (for instance near Ac> Keale, 

■in mill's suiitli of ;\Ic-A^iij;0 wliiTc, (Mving to water veins in the subsoil, 
tlic trci.'.i iLihiiii tln'ir vjj;iir during' the summer. The proportion of non- 
irrigatLMl lo irrigated groves is as 1 to 15 (in ext«nt). 

One hundred ten-year old lemon-trees that arc watered produce on an 
average 15,000 lemons, whereas one bundled trees that recoive no 
water (other conditions being equal) produce but 10,000 or one-thitd 
less. 

The groves are watered from twelve to twenty-five times during the 
summer, i. e., either once every two weeks or once a week, and at eaiJi 
watering at least 350 cubic metiTs uliuuld be allowed to the hectare (1 
hectare =2.47 aero«). 

At the last spring working of the trees the land is trenched in order 
to obtain an equal distrilmiion ol' tho water. 
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Parallel trenches are opened (generally about 6 inches deep and 8 
inches wide at the bottom) between the rows of trees, the intermediate 
space being divided into symmetrical squares or divisions. 

If the grove be very level the water is carried from the distributing 
reservoir by lines of brick pipes (brinze) open on top, resting on narrow 
stone walls built with the necessary incline to reach the most distant 
point from the reservoir. 

The system is applied to the irrigation of groves where the water 
supply is abundant and is derived from a stream or spring. Often- 
times when the water must be pumped up by horse-power the tenant, 
unless it be otherwise stipulated in the contract, will so arrange his 
trenches as to collect the water in a basin at the foot of the trees. 
This method is not to be commended, tor it retards the developement of 
the fruit, of the lemons more especially, and predisposes to gum or foot- 
rot. 

One-year-old orange and lemon trees should be watered once a week ; 
three-year-old require water once every twelve days ; from the fourth 
to eighth year, once every two weeks. With the bergamot, however, 
weekly irrigation is required during the life of the tree. It is always 
preferable to irrigate daring night-time. Isolated trees are sometimes 
watered by sinking an earthen pipe (3 feet long by 4 inches in diame- 
ter) not far from the trees, and filling the same with water. This method 
has the advantage of causing the tree to send its roots down. The beds 
of the torrents suck down the water from the springs on the hill-sides. 
To bring this water to the surface, oblique ditches are cut across the 
torrent-beds down to the water veins, and a drain (provided with numer- 
ous loopholes) in masonry is put in to collect the water. These drains, 
following more or less the trend of the land, carry the water into the 
groves to the right and left. 

Bastard fruit, i, e., fruit maturing out of season, always commands 
good prices ; hence it frequently happens that tenants allow the trees 
to go without water during June and July (the trees sicken badly; the 
leaves turn yellow, and there is g^eat loss of vitality), and begin water- 
ing heavily and frequently in August, to form the trees to put on blooms 
in September, and in that way produce late fruit. 

REPORT FROM PHILLIP CARROLL, U. S. CONSUL, PALERMO, 

SICILY. 

(1) There are 508,601 hectares of land embraced in the Province of 
Palermo, of which one-fortieth is cultivable and irrigable. Nearly 176,000 
hectares are under irrigation, yielding on the average an eighth per cent, 
crop. 

(2) Water is derived principally from deep wells, pumps, and reser- 
voirs, the latter being supplied by means of earthen and iron tubes or 
pipes communicating with the adjacent mountains, as well as by rivers, 
streams, springs, and tails in a very limited degree, during certain 
months of the year. The supply of spring water is., however, said to be 
decreasing. 

(3) A pamphlet upon the system of irrigation in the Province of 
Palermo, by Prof. Ferdinando Alfonso, kindly furnished by the prefect 
of this province, is inclosed herewith, as to the character of the works 
used in irrigation. 

(4) The distribution of water is governed by its owners, viz, the 
municipality, the Government, and private individuals, and is based 



upon tbe measorca atlopted by tue mumcipality of Falermo centnnes 
ago. 

The ainonnt of water used on the average is from 300-to 3d0 cnbic 
meters per hectare of land. 

By tbe system in vogae nearly 17 liters of water can be conveyed to 
u det<ignated point i>er second, and an area containing nearly 13 acres 
ciiu be irrigated weekly, the charge therelbr being 5 lire per hoar. 

Irrigation is commenced on Anril 15 annaally. For obvioas reasons 
it is not resorted to during winter, excepting in prairie lands tbr pro- 
moting the developineut of grass. 

(5) The averageannualtomiJeratureQf the Province of Palermo is 17° 
centigrade. 

In the moQutainons regions the climate is temperate, and on tbe sea- 
coast very warm. 

A characteristic of the province is tbe almost absolate absence of rain 
from May to September. 

Tbe average annual rain-fall of the province is 59 eentimet«rs. Bain 
later than May is rare and generally meager, and should theasaal copi- 
ous spring rains fail to make their appearance crops suffer severely. 

((!) As stated, tbe present system, consisting of pumps, wetls, falls, 
reservoirs, et«., has obtained for centuries, under the auspices of the 
municipality of Palermo monasteries and private persons, but sincu 
ISGG tbe Ooverument has controlled the water belonging to religions 
bodies, it having in that year confiscated all property belonging thereto. 
The Government either sells or rents this water. Tbe expense is 
aefrayed by the respective owners. 
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SESSIONS OF THE COMMITTEE. 



Paga 

WashingtoD, D. C, January 17, 1890 5 

January 21, 1890 37 

January 24, 1690 1 G8 

January 31, 1890 95 

March 13, 1890. 132 

March 14,1890 151 

March 18. 1890 162 

March 21, 1890 170 

March 22, 1890 183 

March 28, 1890 205 
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Alfcitudes : 

Angles of elevation and depression by 179 

Arid region, north and south IQ 

Central City, at 57 

Fort Bobinson, Nebraska 57 

Gila River, of the 33 

Groton,at • 54 

Indian Creek, Nebraska 57 

Hamilton County, in 59 

High, observation of climate 104 

Instruments to ascertain 179 

Kearney, Nebraska 57 

Keya Paha, Nebraska 57 

Low, observations of climate 104 

List of , Nebraska, m 57 

Mouth of Snake Biver, at 57 

Nevada 102 

Niobrara Biver, Nebraska 57 

Ogallala, Nebraska 57 

Pine Blnfis, Nebraska 57 

Scotts Bluffs^ Nebraska 56 

Sidney, Nebraska 57 

Topographic survey, by 178 

Yellowstone Park, Wyoming 245 

Appropriations, allotment, and expenditures 139 

Artesian we]ls 34,35,44,45,46 

55, 59, 66, 86, 87, 88, 90, 91, 92, 93, 94, 95, 96, 98, 99, 169, 220, 221, 238 

Battle mountain at 240 

Boring of 45,92,94,97 

Brownville at, in Nemaha County 57 

Cambrian Rocks, through 47 

Cass County, in 47 

Chemical composition of water in 51-57 

Cost of 92 

Cretaceous 47 

Classification, Dakotas, in 47,50,51,52,53 

Dakotas, the, data of 53 

sandstone, in : 94 

Devil's Lake, analysis of water in 51 

Exploration of ^ 89 

Flowing 45 

Toombstone, at 99 

Nebraska 57 

Geological formation, Kansas 57,58 

Grafton, at 53 

Great Bend, at 59 

Huron, at 89,92 

Jamestown, at 51,92 

Kansas, of 59 

Lamed, at 59 

Lincoln, at 57 

List of, west of the Dakotas 50 
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Artesian well — Continued. 

Locating " 87 

Location, in the Dakotae 47 

Manitoba shallow wells 48 

Meade County, in 97 

Minnesota, region 47,48,49 

Nebraska, in 57 

in northern and central 97 

Nevada, in 102 

Omaha, at 57 

Pan Handle region, in the 97 

Pierre, at 47,50,51,52,53 

Pleistocene • 52 

Pressure of, at Grafton 1 54 

Redfield,at 89,92 

Red River Valley, in 47,52 

Region of 97 

Richfield, at 59 

Rosenfield, at 4Q 

Russell, at 59 

Source of water in 54 

Staked Plain and Panhandle region, upon 98 

St. Helena, at 57 

Subhumid region of the Great Plains, geological data relating to 47-61 

Strata, water-bearing, Carl)oniferons 59 

Cretaceous 59 

Miocene 59 

Pleibtocene 52 

TiiSLS 59 

Tables of, in Dakota 47 

Kansas 60 

Manitoba * 48 

Minnesota... 49 

Nebraska 57 

Texas 62 

Table of temperature (Dakota sandstones) 52 

Texas, of .'.45,61,97 

Tombstone, Ari-z., at 99 

Tower City, at 53 

Unsuccessful in Minnesota, list of 48 

Winfield 59 

B. 

Basins : 

Artesian 88,91,93 

Arkansas drainage, the 14, 147, 148, 151, 163, 181, 183. 1>55, 

187, 188, 195, 197, 206, 207 

Carson, the ' 79,149 

Chama,tbe 25 

Colorado, the 38,45 

Dakota, the 96 

Denver, the 45 

Drainage references 23,37, 101, 155, 160, 163, 1()6, 170, 

. 171, 174, 179, 199, 208, 209, 210, 211 

Colorado, of the 38 

Pecos, of the 16 

Taos, of the 29 

Geologic, the 44,45,86 

Gila drainage, of -M 

Great storage 101 

Great, in the 36,40 

Humboldt, the 239 

Hydrographic, references to 23, 25, 26, 32, 47, 66, 140, 152, 153, 155, 157, 162, 163 

175,196,197,210 

Interior, the 118,119 

Irrigation 221 

Natural • 66,207 

Republican^ the ..,.,,.., , .,.,...,.« «« 97 
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Pace 

Basins— Continued . 

Rim Rock of the Artesian * 93 

Rock Creek, the 239 

Sand, White Rock Cafion 30 

Snake River, the 147,148,151 

Taos, the 29 

Trnckee, the 79,149,151 

Upper Arkansas, of the 163 

Yellowstone Lake, natural storage 43 

Bird and animal life in arid regions 131 

C. 
Canals, mention of: 

High-line : 26, 99, 107, 140, 228 

Low-line 1 33 

New Mexico, construction of, in 17 

Sites for 23,32,64,65,76,77,80,152,162,163,166,193,199 

Embnda *. 18,20,24,25,29 

Eureka .'--.^ 160 

Grand 38 

Panamint 144,160 

Santa Anita 123 

San Antonia 123 

San Dimas 123 

San Gabriel 123 

Sawpit 123 

Soledad .' 123 

Tejunga 123 

White Rook 25,26,29,30 

Cities and towns: 

Albuquerque 25,26,29,70 

Bernalillo 25.26,30 

Bismarck 44 

Blauchford 52 

Buena Vista 148 

Calabasas 99 

Cambrian 48 

Chicago 46 

Cia 30 

Crookston 52 

Doming 99 

Denver 36.46,161,220,230 

Dodge City 97 

E^Paso 17,18,20,26,27,31,70,78,105,147,148,181,196 

Emerson 48 

Eureka 161,239 

Florence 100 

Fresno 20 

Garden City 148 

Graffcon 47 

Granada • 148 

Greeley 230 

Helena 44,80 

Jemez Pueblo 26 

Johnstown 1 217 

Las Vegas 181 

LeadviUe 148 

Lincoln 55 

Livingston 81 

Los Angeles 123 

Los Lunas 25 

Maricopa 99 

Marienfelt 97 

Midland : 97 

Mojave 100 

Niobrara 55 

Odessa ' 97 

Pasadena , , , J. 123 
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Cities and towns — Continued. 

Phcenix 35,147 

Platteville 230 

Pocatello , 150 

Point of Rooks 31 

Pueblo 186,187 

Riverside ... - 123 

SanFranoisco 79,180 

San Jacinto 123 

SanMarcial 29 

Santa Barbara 123 

SantaF6 26,30,70,149,181 

Socorro .25,26,27,29,31 

St. Vincent 48 

Tacoma 110 

. Tubao '. 99 

Tucson 36,99 

Tanvacacori 99 

Vermillion *, - - 47,50 

Wadsworth , 79.149 

Washington, D. C 161,220 

Yankton 47,50,59 

Yuma 147 

Climate, reference to 104,130,171,242 

Agricultural, the '. 32 

Arid, the 46,63 

Cold, a 16 

Southern California, in 122 

Subhumid 46,63 

Subtropical 35 

Coal: 

Anthracite fields 12 

Arid region in 12 

Component beds of 56 

Rock Springs, Wyoming ' 13 

Sulphur Creek, at 13 

Supply of 12,13,14 

Counties, Names : 

Butte 79 

Clark 58 

Clay 58 

Comanche - 58 

Croley 59 

Dickinson j. 58 

Elko 238, 239, ^>40, 24 1 

Esmeralda i * 102 

Eureka 239,241 

Humboldt 239 

Jewell 58 

Kern 79 

Lander 239 

Lassen L 79,149 

Los Angeles 122,340 

Marion 58 

McPherson 58 

Modoc 149 

Morris 58 

Norton 59 

Nye 102 

Phillips 58 

Pratt 58 

Reno 58 

Rice 58 

Russell 59 

San Bernardino 122, 340 

San Diego 122,180,340 

Santa Barbara 340 

Sheridan 59 

Ventura 340 
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Counties, names— Continued. 

Washington - « 58 

Weld 230 

White Pine 102 

Countries, names and mention of : 

Africa 46 

Algeria - 199 

Asia 46,129 

Austria 110 

British America 63 

Canada 47,54,111 

China 102,103 

Egypt • 102,103,199,287 

England 252 

Europe 46,65,260 

France 34,110,199,252 

Germany 1 110,252 

Great Britain 304 

Greece : ' 305 

India 139,180,199,204 

Italy... 34,110,199,305 

Manitoba 47 

Mexico 17,18,21,27,28,31,32,63,99,105 

Norway 9 

Prussia 110 

Russia 199 

Spain 34,199,305 

United States 5, 12, 18, 27, 43, 44, 63, 64, 65, 66, 71 , 73, 79, 88, 99, 100, 1U5, 

110. 122, 129, 132, 145, 156, 157, 190, 200, 242, 250, 252, 256, 259, 2»7, 288, 302 

Creeks : 

Bishop 239 

Cherry 230 

Goose 238 

Hanks 239 

Maggie : 239 

Monument 148 

Rock 239,240 

San Antonio 341 

Santa F6 26,30 

Sulphur 13 

Susie 239 

Thousand Spring.'. 240 

Walnut '. 100 

Crops 16,90,101,196,238 

Barley 130 

Bunch-grass 127 

Cereals 21,239 

Corn 19, 21,:^, 42 

Grain 9 

Grasses 15,19,24,30,31,32,99 

Hay 16,26,38,39 

Indian corn 130 

Oats 21,38,39,130 

Potatoes 9,21,38,39 

Rice 38 

Roots 99 

Rye 9,38,130 

Sugar- 35,38 

Vegetables : ^ 38,239 

Wheat 16,19,21,38,39,42,130 

D. 
Dams, mention of: 

Arizona, in , 194 

at Walnut Grove ^ 138 

Ditches, <for, near Rio Grande 26 

Eagle Rock, site at «, 15O 

El Paso, international at 105 

Hassayampa ^ 159,211 



Damtt, mention of— Continued 

Johnstown, at ■ ■ 194 

Loose rooks ■ ■ - 139 

Sites 23,32,65,76,77,163,193 

Teller Ditch Compuiij 187 

Drainage areas 28,32,34,23,137, 

43, 64, 66, 69,73, 81, 9B, 99, 100, 102, 103, 107, 194, 203, 306, 217, m 

Albnqnerqiie, at . 26,99 

Arkansas, the.. 'J12 

Colorado 39 

ElPaaao, at 32 

Jordan, the 39 

Headwaters of. .-•. 23,24,32 

nydroRraphio 26 

lAkeTahoe, of 106 

Lost stream 93,24 

Eio Grande, on the 22,23,25,28,32 

Sngnaohe, the 34,28 

San Ildefonso 28 

San Luis 24,29 

Sevier, the 39 

Trnokee, the 103 

E. 
Engineers : 

Bodfiah, Sumner H 183.184,205,206,207,208,209,210,211,212,213,214,215 

Calderon Louie 323 

Coyle, J.E.T 301 

Dntton, Clarence E 132, 13;i, 134, 135, 136, 137, 138, 

i:i9, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151 

Pollett,W.W 148 

Hall, W.H 149 

Hinton, R.J 95,96,97.98,99,100,101,103,103,104,105,106.247 

Lanfidon, W 319 

McKinney, H, G .■. 308 

Morrison, James G 280 

Nettleton, E.S 34,105,106,215,216,217,218,219,220,221,332,329,330.2:11 

Schuyler & Aliard, Messrs 273 

Thompson. A. H 179, 180, 181, 1(B 

Wood, A,Pepys 299 

Entomological Commission, extracts from 127, 128, 129,130.131 

Entomology, Division of, report from 125,136 

Evaporation .' 14,15,23, 

26, 28, 32.33, 34, 73, 74, 76, 77, 110, 134, 137, 143, 160, 171, 173,208 

Denver, at - 110 

Growing plants, of 19 

nif;h altitudes, at 14 

Important stnily an 134 

Low altitudes, at - 14 

Stations, for meaenring 147 
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Pago. 

Forests — Continaed. 

Pine and cedar, of - 10 

Protect the, to ; 110 

Fruits, small, references to '- 38,99 

Cherries. 130,239 

Currants 130 

Gooseberries -..---.-. 130 

Grapes 249 

Raspberries - 120 

Fruit trees, reference to 18,123 

Apple 130,241 

Date 35,38 

Orchards 94,122 

Orange - 35 

Peach 1 241 

Plum 130 

G. 

Geological formations in Kansas 58,59 

Nebraska 55,56,57 

Texas 60,61 

distribution, their area 56 

Kansas, of 58 

Texas .........^. ......................... --••••--- 61 

Gulf of California r/.r/.jy-*.//.ir.lir/."-.'"'r.!III'"-"I-.""." 34 

Government aid to Irrigation 27,66,76,95,101,125 

Canada, in Ill 

H. 
Hills, mention of: 

Bliick 13,54,55,116,124,129 

Cypress -•- 128 

I 
Irrigation, reference to : 

Acres in Rio Grande Valley -'- 20 

Ancient - 17 

at El Paso and Mesilla 28 

and modern on the Pecos 17 

' Animal and bird life, effect on.... 109 

Area of ---- 26 

Areas, totals, States and Territories 6 

Arizona, area of 7 

California, area in 18 

Canals and works for 17 

Channels of distribution, for 100 

Colorado, in 7,20,27,28 

Elements that enter into work 171 

Entomological stand-point 124,127,129 

Forest conditions, relations to 112, 113, 114, 115, 116 

Gila region, of the 34 

Hinton, R. J., report on, reference to 109 

Idaho, areas of 7 

Jordan Valley, in - 39 

Maximum of 21 

Mesilla Valley, in 31 

Montana, areas of 8 

New Mexico, in 18 

areas of 8 

Nevsida, in *- 102 

Oregon, areas of 8 

Pecos on the. New Mexico - 16 

Problem, of 205,206 

Problems of forestry 112,113,114,115 

Pumps, by 35 

Salt River Valley, in 35 

Seasons, of 14,18,20,24,25,26,27,39,152,196,242 
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Page. 
Irrigation, references to— Continued. 

State Departm^it, letter to, on 249 

ciroalar from, on 249,250 

Systems of 124 

laree, desirable 100 

high altitude storage, of • 100 

Utah, areas of 9 

Vegetation, effect on 109 

Works, in general 43 

L. 
Lakes, names : 

Agassiz 52 

Clear 147 

Devil's 47.50 

Donner 40,103 

Oreat Salt Lake 40 

Heart 244 

Independence 40 

Jackson 150 

Lewis ■••«••.....•••...■.••.... ..... ... .. 244 

Salt ./////. /.y//////^'////////^iy//////^^^^^ 

Shoshone 244 

Tahoe 40,79,102,181 

Twin 77,148,193 

Utah 39,101,150 

Winnepeg 47 

YeUowstone 43,181,243,244,245 

Land, references to : 

Agricultural 24,25,28,73,99,122,218,238,239,240 

Arid 10 

Area of timber land within arid sectiotn 10, 116, 117, 118, 111) 

Arid areas, of 5, 23, 32, 33, 44, 65, 66, 71, 97, 102, 124, 125, 131, 134, 135, 155, 169 

186,200,211,242 

Brush 122 

Catchment areas : 21,23,25,26, 

27, 28, 29, 30, 31, 32, 71, 72, 73, 152. 155, 156, 158. 159, 
. 160. 161, 162, 172, 174, 175, 193, 201, 202, 203. 221, 243 

Bernadillo is a volcanic district 30 

Mesilla Valley 31 

Puerco,ofthe .. 31 

Tewan Mountains - 30 

Cienegas, or wet places of Arizona 99 

Continental divide 243,244 

Coteaux 93 

Desert, Amagosa 173,181 

Colorado 100,122,123 

Lands 123,1^1 

Mojave 122 

Owyhee 

Development of, inhabited localities 108 

Flat ?3 

Forest 30 

Foot-hills 13,77,95,99,122,145 

Grass 30,40 

Great Plains * 54,98 

reclamation of 96 

High 38,79,92 

Irrigable 14,15.26,28,29,30,32,66,73,77,78,84, 

140, 145. 148, 149, 150, 152, 161, 162, 163, 164, 174, 200, 201, 219, 220 

Bear River Valley, in 149 

Idaho, in 84 

Montana, in 84 

Puerco, of the 31 

Utah, in 84 

Lava fields, San Udefonso Valley 25 

Lost stream region 34 

Lowlands 33,34,38,41,79 

Arizona, of 33 
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# 

Paga 

Land, refereDces to — Continued. 

Los Coyotes Ranch 123 

Madison plateau 243,245 

Mesa..... 26,30,44,81,99,167 

Moistened - 42 

Montana — stable of monntain, and plain and forest area by counties 116 

National Park 43 

New Mexico, mountain meadows of 30 

table of mountain, fmd plains and forest area by counties. . 117 

Non-iirieable - 29 

Pasturage 25,26,30,66,106 

Plains of Arabia 129 

Plains region, timber - 116 

Plains of Saskatebewan 131 

Plateau of Arizona 33 

Potato region 39,40 

Public 81,236 

Bio Grande Mountains, area of 28 

Sand plains, Chama River 25,33 

of the the Gila 33 

Sandhills 33 

Sand dunes of the Rio Grande 17 

Jemez ...... - 30 

San Luis Park 24 

Slides 160,218 

Specific 4 21 

Staked Plain 97 

Subhumid 169 

Swamp - - 48 

Table 99,100,185,186,187,240,242,243 

Tewan plateau 30 

Timber 25,26,30,66 

Total area of arid region 10 

Valley 36 

area Rio Grande, of ^- 20 

Wheat 81 

Wyoming, areas by counties 117 

actually irrigated 9 

Yellowstone Park...... 79,81 

Laws: 

Desert land act 199,2^5 

Entries under timber culture act 120,121 

Homestead act, under - 76.199,236 

Pre-emption act, under 199,236 

Provisions of Powell bill 67,68 

Timber culture, foreign 21^ 

Timber land act 199 

M. 

Blaps, mention of : 

Culture 71 

Irrigated areas, showings 5 

Rio Grande, of 22 

Topographic 175 

Wooded area of arid region 9 

Mines : 

Arid region, in - 12 

Hydraulic 41 

Moisture from Pacific Ocean 34 

Mountains, names of : 

Absaroka ^ 243,245 

Appalachian 177 

- Battle 240 

Bi^Hprn 54,128 

Chiricahua 99 

Clover 241 

Colorado, of 36 

Dragoon 99 

Gallatin 243 
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Page. 
Monntobis, names of— Continaed. 

Nacimiento 30 

Kocky,the 34,35,38,54,55,56,94,95,105,109,124,127,172,243,245 

Roby 239,240,241 

Sheridan 245 

Sierra Madre 122,123 

Sierra Nevada 40,102,141 

Snowy Range 243 

Sprnce 240 

Teton 243 

Tewan 26,30 

Tritle 159 

Uintah 38 

Wasatch - 38 

Wind River 38.243 

N. 

Nettleton, E. S., reports on Colorado, filed by 230,231 

R. 

Railroads, reference to: 

Atchison, Topeka and Santa F6 148 

Bnrlington and Missoart River 13 

Canadian Pacific 202 

Central Pacific 241 

Northern Pacific 136 

Pacific ............. 176 

Southern Pacific. "...!"!.......l ."''. ]!I.".l..""-'."lI.'.'*-*"r.''."!.".- 123,148 

Texas Pacific 97 

Rainfall 6,16,17 

33, 34, 36, 46, 53, 73, 90. 97, 98, 100, 107, 109, 110, 122, 123, 141. 137, 139, 144 
152, 158, 159. 160, 161, 173, 174,203,206,208,217,225,141,240,242,245 

Colorado desert 100 

Colorado Mountains, inches of 36 

Eastern Dakota, in 52 

Evaporation, by 34 

Ganges Valley, in - 74 

Gila River, at 33 

Measurements of 75,173 

Mojare, at 100 

Rocky Mountain plateau 127 

Subhumid regions, of the 46 

Texas 98 

Yuma, at lOO 

Reservoir sites 22, 23, 26, 30. 31, 32, 42, 64, 65, 71, 76, 77, 80, 81, 84, 100, 101 

107, 135, 140, 148, 149, 152, 153, 154, 156, 157, 161, 162, 163, 164, 165, 166, 171 
173. 174, 181, 194, 195, 199, 201, 206, 207, 208, 209, 211, 216, 219, 239. 241, 242 

Arkansas on the 77,98,193 

Artesian 45 

Bear Lake - 148 

Bull Run Basin ., 238 

Butte and Lassen Counties, Cal., in 79 

California, in 79 

California, list of 82 

Clear Lake, near San Francisco 79 

Colorado, list of 82 

El Paso, at 21,27,220 

Fall River Reservoir 79 

Hope Valley 156 

Idaho and Western Wyoming, list of 79,83 

Jackson Lake 79 

Monaco Meadows, Kern County, on the 79 

Montana, list of 80,83 

Nevada 79 

Owyhee, on tlie 238 

Providence Lake 156 

Sand, in the 47 
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Keservoir sites — Continued. 

Storage 28,40,41 

on the Gila 100,167 

Survey to estimates 151 

Squaw Valley, in 240 

Susie Creek, on - 237 

SivanVallev 79,150 

Twin Lake" 193 

Utah Lake 39,148,156 

Utah,li8tof 83 

Yellowstone Lake 81 

Park 79 

Rivers, names and mention of: 

American 41,42 

Arkansas . a ..••••••••• 14 15 16 

' 18, bVVssVbsVeV, 77V97,'98,"l6i,"l36,'i56.' 156," i84," i86," 198,' 206^ 207, 212,' 213 

Bear 40,42,63,300 

Big Horn 43,129 

Boise : , 181 

Brnnean 238 

Cache La Pondre 230 

Canadian 63 

Carson 40,69,147,149,150,181 

Chama 25,29 

Cheyenne 43 

Cimarron 44 

Clark's Fork 241 

Colorado : 33 38,63,161,268 

Colombia 4^43,63,238 

Falls 150,240 

Firehole 244 

Gallatin 80,148,150,244 

Gallinas 184 

Gibbon 244 

Gila 17, 33, 34, a'i, 99, 100, 147, 150 

Green ^ 38 

Humboldt 40,240 

Jefferson 80,130,148,150,244 

Jemez 26,30 

Jim 89,93 

Jordon 39,40 

Kootenay , , 43 

Lamar " 244 

Laramie 55 

Little Humboldt 239 

Little Owyhee 2:39 

Lost... 150 

Lower Colorado 18 

Lower Bio Grande 21 

Madison 80,148,150,244 

Marys 239 

Merced '. 149 

Milk 43 

Mississippi 214 

Missouri 10, 15, 43, 44, 63, 80, 89, 90, 91, 93, 96, 98, 124, 140, 147, 148, 150, 221 , 244 

Mora 181 

Niobrara , 44 

North Platte ^ 63 

Owyhee 150,236,239 

Payette 150 

Pecos -. 16,17,21,63 

Platte 15,18,98,101 

Powder 1 43 

ProvoFork 39 

Puerco 30 

Red 44,89,93 

Reese 239,240 

Bio Grande 16,17,18,19,20,22,23,24,25,28,30, 

32, 63, 69, 70, 78, 84. 105, 147, 150, 181 



364 CNDEX. 

Page. 

Bivors, names and mention of — Continued. 

KioPnerco 26 

Sacramento 41 

Saguaoh© 23,28 

Salt 34.35,99,100,147,150 

Salmon 238 

San Pedro 99 

Santa Cruz , 99 

San Francisco 267 

Saskatchewan - 63 

Sevier .39,40,150 

Snake, or Shoshone 42, 43, 44, 63, 69, 79, 80, 130, 149, 150, 181. 238, 244, 245 

South Platto 63 

Spanish Fork — .- 39 

Stanislaus 149,181 

Sun 80,129,140,148,150,151,181 

Taos 24,29 

Three Forks, Upper Missouri of •..-- 140 

Trucke© 40,69,147,149.150,181 

Tuolumne 149 

Uba 181 

Underground 35 

Upper Arkansas 16S 

Weiser 150 

Wood 150 

Yellowstone 10,43,44,80,81,110,129,147,150,181,220,243,244,245 

Rocks, mention of— 

Coal measures 51,55 

Cretaceous formation 55,56,57 

Cambrian 47,54 

Dakota sandstone 54,55,57,94 

Limestone *. 87 

Porous 45 

Quartzite stratum 90 

Rim 90 

Sioux quartzite 93 

Sandstone strata 53,86 

Silurian 54 

Solid'. 36 

Strata of hard-rock , 86 

Tertiary * 57 

T]:jassic beds 55 

White River Tertiary 55,56 

Drought. . . . 11, 15. 18, 19, 20, 22, 24, 27, 33, 34, 35, 40, 47, 78, 101, 123, 152, 196, 242 

Duration of irrigation 18 

Flood 22 

Humidity of 19 

Non-irrigating ^ 26,27 

Rainy 122 

Spring 230 

Wet 16,17,22 

Senators, references to : 

Casey, Lyman R., North Dakota.. 5, 12, 14, 15, 16, 18, 21, 22, 32, 33, 35, 37, 39, 

42, 44, 68, 78, 86, 87, 90, 91, 93, 95, 96, 97, 
105, 106, 132, 151, 162, 170, 172, 174, 180 

Gorman. Arthur P., Maryland 183, 192, 193, 194, 195, 196, 197 

Jones, James K., Arkansas 5, 11, 17, 34, 35, 37, 41, 68, 72, 79, 84, 85, 

86, 132, 137, 138, 142, 143, 146, 151, 155, 156, 170, 187, 188, 

190, 192, 193, 197, 205, 209, 210, 211, 212, 213, 214, 220 

Moody, Gideon C, South Dakota ....5, 13, 37, 65, 68, 89, 90, 91, 92, 93, 95, 

132, 139, 140, 141, 142, 143, 151, 157, 162, 164, 165, 
166, 167, 170, 175, 176, 177, 178, 181, 182, 183. 189, 
190, 192, 196,198, 205, 207, 213, 218, 119, 280, 221 

Plumb, Preston B., Kansas 5, 17, 18, 20, 21, 33, 34, 35, 86. 37, 68, 

70, 71, 95, 108, 162, 168, 169, 205 

Reagan, John H., Texas 5, 13, 14, 18, 22, 33, 35, 36, 68, 70, 78, 84, 

86, 95, 104, 132, 133, 135, 136, 139, 145, 146, 351, 157. 
162, 165, 170, 173, 174, 175, 178, 180. 181, 182, 18:1, 
193, 205, 207,208, 209, 210, 211, 212, 216, 219, 221, 222 
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Page. 

Senators, references to — Continued. 

Stewart, WiUiam M., Nevada 5, 37, 68, 95, 132, 151, 162, 183, 205, 249 

Snow-fall - 16,147,242,244 

Precipitation, Sierras on .-2 100 

Valleys, in the Sierras 36 

Soil 19,32,157,171,173,174,219.234 

Clay 152 

Gravel 97.152 

Sand 26,41,73,97,152,160,219,230 

Subsoil 19,171 

States, names and mention of 

Arkansas 14 

California 6, 10, 19, 35, 38, 40, 42, 45, 63, 69, 70, 84, 100. 102, 103, 122. 139, 141 , 

144, 147, 149, 167, 172. 180, 181, 190, 195, 235. 241. 301, 302, 305, 340 

Colorado 11, 12, 14, 15, 16, 17, 18, 19, 20, 22, 24, 28, 29, 37, 38, 44, 45, 63, 69, 90, 

101, 106, 130, 139, 147, 149, 163, 181, 184, 187, 190, 213,220,230 

Dakota, North and South 12,43,44,46,47.52,54,56,63,87,89,90,91, 

92, 93, 96, 97, 103, 106, 116, 128, 221, 244 

Illinois ' 46 

E^nsas. . -. 14, 16, 

35, 37, 44, 56, 58, 63, 69, 91, 97, 99, 103, 12c'. 137, 163, 183, 197, 212, 213, 221 

Massachusetts 148,212.213 

Minnesota ., 47,54,128 

Missouri 141 

Montana 11 , 12. 14, 43, 44, 63, 70. 80, 84, 110, 139, 140, 147. 181, 190, 220, 244, 245 

Nebraska 35,43,44,59,54,63,91,97,128,221 

Nevada. .. 6, 12, 40, 63, 69, 79, 97, 102, 103, 139, 141, 144, 156, 173, 190, 196, 238, 239, 241 

New York ; 88,220 

Oregon 6,11,42,136,238 

Pennsylvania 220 

Texas 11, 13, 16, 17, 18, 21, 22, 27, 28, 31, 32, 60, 63, 90, 91, 97, 98. 131 , 221 

Washington 5,11,13,42,63,136,238 

Wyom'ing 6,9,13,38,40,42,43,44,63,79,116,136,243,245 

Stock-raising : 

Cattle 52.241 

Horses '. 52,241 

Ranches of 46 

Surveys : 

Area mapped in Nevada .* 70 

Arid country, for - 108 

Arkansas division, in 148 

California, area mapped in 70 

Canal lines, rough 151 

Canal lines, full 151 

Character of hydrographic needed 137 

Clear Lake, California, of 149 

Colorado, area in 69 

Coast, the 144.145,198 

Donner,Lake of 79 

Donner, Weber, and Independence, of 149 

Elements in a hydrographic 159 

El Paso Reservoir 148,149 

Engineer branch of Irrigation 76.77, 106,134, 

151, 153, 156, 170, 178, 183, 193, 195, 196, 199, 205, 215 

Estimate for expenditures of s 133,227 

Function of irrigation - , 170 

General instructions for hydrographers 2367 

Geological, the. .5, 9, 45. 86, 87, 91, 94, 95 103, 154, 155. 168, 169, 176, 183, 185. 190, 191, 

192, 193. 197, 198, 201, 202, 205, 210, 211, 212, 215, 220, 222, 243, 244, 249 

Arizona, at 136 

Texas central, in 137 

Utah, at 136 

Hayden,by 70,184 

Hope Valley 79 

Hydrographic, branch of 32.72.74,76, 

106, 134, 139, 152, 153, 159, 161, 162, 165, 174, 199, 202 

maps 71 

, Idaho, in 149 

Independence Lake, on 79 

Indian, an 180 



Water: 

Bed of 42 

Benr Eiver, flivisionof - 40 

BrackUU, or ftlkaljne 51,52 

CloadbQrats or aponta SI, lU, IGO, 161; 21S 

Componiea OS cftrriera ..t 65 

ConaervatioD of atorm or BorpluB 96 

CorreDt meters for meaBarement IM 

Dakota sandBtoDBa, derived from S0-5& 

Diasppeara in Hand 36 

Distribution of 140 

DLyiaioDofthe,thriQgh the States 27,38,39,63,64,65 

Division of , bf drainage districte :. 64 

Dooner Lake, from 103 

Dntyof 19,20,134,153,157,171 

Equ'ivaleDte of Doita need in raeMoring !2S9 

Flood 20. 22, 24,85, 88,31,40, 77,81, 138; 144, 160, 172, 206, 816,317,218 

extreme ~ 30 

Paeillc ooaat, on 214 

time 26,41,72,137 

Flow of. - 18,36,123 

moniibunB of New Mexioe, from SO 

Bio Orondo, in tbe 105 

of.atapartioalarpoiDt.howaBdectained 214 

Gauging, of 72,178,173.199 

statioDB, for 74,147 

river, height, of 158 

Gila,inthe 33,35 

Head, Amerioftn Bivec, of - . 181 

Garwn.of 149 

Colorado.of. 17,161 

MisaoDri.of 43 

of, in monntaira 15 

Rio Grande, of 87 

Internatioaat problem, at EIPmo 32,43,63,105 

Interstate problem, of '. 63,65 

iTTigatiou by storage of atorm. .. -. 46 

lateral streams •• . .. 33 

Jemez River, of, diachargea into sand 30 

Loat in Band, SagnacLe River, of 83,28 

Arkansas, of 20 

Haximam duty of SO 

fall of, basins 138 

Measurement of 171, 178, SOS, 803 

Minimum fall of, basins . . -■ . .... . .. 138 

Mountain of, flowing into EioQrande i 87 

National Yellowatone Park, of 24»^45 

Nile, Egypt, of 43 

Ororflow dams, of 818 

PeroolatioQ of, through eand 36 

great valleys 98 

Point of Rocks, non-itri gating season ......„,„ 27 

Puerco, of the 30.31 

Pnmping, an American invention 34,35 

Quantity of aediment in .............. 74 

Return, conditions affecting 19 

Republican Basin surface 97 

Rights of 24,29,30,66,196,201 

Sacramento, of the 40,41 

Sand reservoir, in 169 

Seepage of 18,97,98,171,228 

or from Missouri 96 

tableof measurement of 830.331 

Sheds 80,137,200,238,239 

in certain r.anoD 123 

Silt 21,82 

carried by the RioOiande 76 

Sink at Tncison 36 

Sources of supply 45,46,47,53,54.55,23a 



V 
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V. 

Page. 

y altevs, names and reference to : 

Albuquerque 25,27,28,29 

Antelope 123 

Arkansas. . . 15, 20, 23, 35, 36, 47, 77, 69, 97, 101, 140, 141, 145, 181. 186, 196, 197, 206, 207 

Bear 40 

Butte 238 

' California, of 40 

Carson 149 

Clover 240 

Colorado 98 

Death 173 

El Paso .• 26.27,28,31,32 

Gallatin 80 

Goshute 238 

Grand Riyer 38 

Hope 149 

Humboldt 240 

Independence 238 

James Siver 91,96 

Jefferson 80 

Jordon 39 

Long 149,240 

Madison 80,242 

Mesilla 26,27,28,31,32,100 

Mississippi 137,145 

Nile 43 

Owens..... 149 

Vecos 98 

Platte • 35,97 

Pneroo 31 

Red River 47,52,53,54,55 

Rio Grande 18,20.21,23,28,30,32.36,84,100,101,141,148,196 

Ruby 238 

Sacramento 6,40,41 

Salt River '. 100 

San Gabriel 122 

Sanlldefonso 25,29 

San Luis 24 

San Simon i 99 

Santa Cruz 99 

Santa F6 26 

Santa Maria 123 

Sevier ... ... . ... 39 

Snake River y. y.ir.l-I". . III! "l.-l. "."*., ..--.-'""'.!.] 11... ..[.-!42,130,141 

South Platte 230 

Squaw 237,238 

Steptoe 238 

Sulphur 99 

Sun River 140 

Taos 29 

Truokee , 103 

Uintah 38 

Upper Snake, of 241 

Yellowstone 81,141,148 

Vineyards in and region , 18,19. 94 

Witnesses and others, names of: 

Curtis, George E., meteorologist 1 213,214,215 

Fernow, B. E., forestry 109,124 

Gilbert, G. K., geologist 170, 171, 172, 173, 174, 175, 176, 177, 178, 179 

Greene, Charles W 231,232,233,234,235,236 

Hague, Arnold, geologist 241,242,243 

Johnson, Willard D., topographer 183,204 

Merriam, C.Hart 131,132 

Powell, J. W., Director U. S. Geological Survey 5, 17, 18, 19, 20, 21, 22,33, 34, 

35, 36, 37, 41, 42, 68, 95, 132, 151, 170, 177, 190, 192, 193, 194, 195, 196, 197, 198, 199 

Riley, C.V., entomologist 124, 127 

Willits, Edwin, Ass JQCant Secretary of Agriculture .--,., , 108, 109 
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Page. 
Water — Contin aed. 

Springs, New Mexico U7 

Storm., 20,21,27,40,46,47.86,91^95,101,169,178 

Storage 14, 28, 30, 31, 39, 40, 41, 42, 43, 93, 123, 154, 167, 184, 187, 204, 241 

Arkansas ia, cost of 77 

£1 Paso and Mesilla Valleys, in 28 

mountains, in ^. ... 77 

monntain lakes, in 103 

reservoirs, in 73 

rights to 28 

Rio Grande, of the 22, 25, 78, 79, 100, 101 

small, for the Great Plains 98 

storm water 91,93 

surplus of, at high altitudes 95 

Kooky Mountains, in 96 

Utah, in ^ 101 

Strata-bearing 54,55 

Streams lateral 20 

cause of 38 

gauging 195 

mountain '. 35 

nilomoter or river gauge 72 

Rocky Mountains, in 34 

Subterranean channels of 18,47 

Supply of.25,29,32,93,98, 100, 104, 107, 109, 110, 122,134,148, 149, 159, 194, 196, 203,242 

artificial 47,225 

New Mexico, mountains of 20 

permanent 37 

Surface 36,90 

Surplus 27,159,196 

Taos, of the 29 

Tide season, in 125 

Underflow or drainage 33 

Underflow of 96 

Under-ground 37,94,95,102 

great basin 3() 

sound of flowing, Arizona 99 

staked plains, Texas 97,99 

Utah Lake Basin 101 

supply, development of !... 103 

river 36 

UtUization of 15,33,34 

Snake River, of the 42 

Velocity of J. 72,214 

Volume of 17,63,96,143,228 

average of i 76 

Colorado, in the 38 

flood 72,73 

flowing '162,164 

Rio Grande, of the 22 

Waste 100,171 

Missouri River, from 1 124 

Waste-weir 80,138,139,150,194 

way 160,195,216,217,218 

Well-irrigation committee's report. Vol. 1 • 51,52 

Work of experimenting at Dodge City 97 

Wind 143 

Hot desert 123 

Trade 123 

Windmills at Riverside 123 

138 A L— VOL IV ^24 
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Baker, E.L.,BuenoaAfreB, Argentine Eepoblio S59 

Bird, WinfioMS-p LuGiiayra, Veoezaola 356 

BiasiDger.Erhard, Beirut, S?ria- 281, 282, 283, 88*. 285,286, 287,288, 289,290, 391 

Caraplwll, John Tyler, Fooe'how, China 276,276,277 

CampbauseD, Edward, Naples, Italy 344 

Carroll. Phillip, Palermo, Italy 349,350 

Cb'ld, Jacob I., Bangkok, Siam 280 

Dnfair.F. F., Havre, Frauoe 333 

Knrle, Edward T., Cognac, Franco 344,345 

Emmet, W. C, Smyrna, Asia Mia or 296 

Gillman, Henry, Jernsalem, Palestine 291,292,293,094,295,296 

Griersuu, J., Coqnimlio. Chili 257,258 

Grifdii, G. W., Syndoy, New Sooth Wttlee 296.299,300, 

301,3(^.303,304,305,306.307,309 

Hatliaway, Alberto N., Nice, Franco 343,344 

H.illia, George F., Capetown, South Africa 308,309,310,311,312 

IIiiHuicr, James V., Guatamala . — . . •■ . . 255 

lii^rahaui, Darius II, Cadiz, Spain 319 

Joui'H, A. C, Chiu Kiang, Cliiua 279 

Joaea, Thomas C, Island of Madeira 312,313,314,315,316,317,318 

Jones, Wallaces., Messina, Italy 345,346,347,348,349 

Kennedy, J. D., Shanghai, China 280 

McGarr, O., Guayaqail, Ecuador 257 

More,C. C, City of Mexico 251,252,253,254 

PeuHe, Henry, Santiago, Cape Terdi Islands 318 

Perez, Clodomire, Santandar, Spain 320,222,322,323,324, 335, 326, 327 

Plittua, Thomaa T., Ninspo, China 277,278 

Kalhboue, J. L., Paris, Prance 327,328,339,330,331 

Keimer, Otto E., Saatiaf;o De Cnba, Caba 254,245 

tjchumacher, J., Acoa-Haifa, Syria 289,290 

Severance, H. W., Honolulu, Hawaiian Islands 273,274,275 

Seymour, Charles, Cautou, China 278,279 

Trail, Charles B., MarseiUea, France 332,333, 

334, 335, 336, 337, 338, 339. 340, 341, 342, 343 

Walthnll, W. T. , Demerara, British Guiana 258 

Webii, Alex. K., Manilla, Phi llippine Islands 297 

Willard, A., Ouaymas, Mexico 251 

Wills, Charles H., Manaf;Qa, Niokragna 255 

Woeesner, John, Soltillo, Mexico .-. 250,251 
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Africa, Soutb, irrigation in 308,309,310,311,312 

basins for storage ,.... 311 

Cape Town :.., 308 

Imgation in : 

Act for promotion of .,. ..« 309 

By private owners 309,310,311 

Cape Colony, in 309 

Land under 311 

Orange Free State, in 309 

Van Wycks Valley, storage in ...., « 311 

Rain-fall in : 

Lack of 311 

Table of, for districts, 1888 311 

Rainy seasons 308,310 

Rivers of 310 

Surveys : 

Geological, of 310 

Topographic, of 310,311,312 ' 

Table-land in 311 

Water : 

Borlngfor 312 

Evaporation of 312 

Aruerica, Central, Irrigation of : 

Guatemala, in 255 

Nlcaragua.in 255 

America, Nortn : 
Mexico : 

Cariel, LnisC, deputy president senate ., 254 

Cities in : 

Cantla 252 

Guaymas 251 

MexiooCity 251 

SaltiUo 250 

Climate in, character of, in irrigated regions 253 

Crops, quantity and quality in 252 

Cubas, A. Garcias, historian 253 

Dams of masonry in 252 

Department of public works in 254 

Diaz, Porfirio, president of 1 252 

Fruit trees in 252 

Irrigation in 250,251,252,253,254 

Antiquity of system of 251 

Coahuila, in 250,251 

Landa y Escandon, Gnillermode, secietftry 254 

Pacfaeco, Carlos, secretary of state 254 

Plantations in 252 

Rain-fall in, annual 253 

scant 251 

Ribay. Echeverria, A., deputy president 254 

Sanches, Castellanos, senator president 254 

Seasons, rainy, in 251,252 

Soils of: 

Alluvial valley 253 

Black loam of. 253 

Richland 250 

Sandy 251 

tablelands, on 253 
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AmerioB North— Oontinned. 
Hexi CO — CoQti nned . 
States, of: 

CoBhiiila 350 

Mexico, federal district of- . ^1 

Morelos 253 

Souortt 251 

Water: 

Coat of 25S 

Diatribiiliou BjetetDH, of. 251,^52 

Dntvof -^ 

Lack of. 2o0 

Natural anppl; of 251 

Power of 230 

Public 351 

Rights and privileges in 250, 2S1 

SourcMof supply of 2.')0,252 

Storage and diatnbntlon works for 252 

Wells, arteBiaa 250,251 

America, Soolh, reports from: 
Altitudes in— 

Cartani area City, ArgODtlDe Bepnblio.. 264 

Murallon, A rgeutiue Republic 268 

Sau Juan, Argentine Republic 263 

Tncumao, Argentine Republic 2M 

Canalfi iu— 

Main Southeru 2J0 

WesWru 271 

Celman, DcJauroE , -xa 

Buenos Ayres 259,26! 

Catamarca ., 267 

Cordova , 265,269 

Demerara i« 

Gnayaqnil 257 

LaOuayra iS6 

Santa F6 361 

Sun Joan 263,263 

Santiago 267 

Climate of — 

Argentine Republic, iUiuterior provinces in 262, 863,26*, 265 

Catamarca, Province of 264 

Oordota, of 265 

Metidoza,of 262 

Tacaman, of 264 

San Jnan, of , 2(3 

Chili, in 258 

Ecuador, in . - . ^7 

Torrid, the 256,269 

Countries of, mentioned : 

Argentine Repnblio 260,262,2fi9 

Bolivia 260,254,267 

Chili 264 

Peru 260 

Crops in K6, 262. 272, 273 

Alfalfa 25r 

Barley 257 

Cocoa-unt 259 

Coffee 256 

Grain 257 

Hay 257,258 

Sugar ^1,259,267 

Dams, til eir side-lines — . 259 

Flood-gates, of 266, 27C 

Fruit in 2"-3 

History of South America (Nap andPreBCotl) 260,2fil 

Irrigation in eouatries of 256, 267, Kd. 259, 

l!lKJ,i!(il, 263, ii63,SM,265,ytili,2G7, 268, 269. 27U, 271,272, -.t:! 
^fter the con quest 2til 
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America, South — Con tinned. ^ 

Irrigation in coantries of — Continued. 

Antiquity of 260,261 

Areas of land under 27i» 

Argentine Republic, in 259,260,261, 

262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272 

Argentine Republic, in non-irrigable proyinces 273 

British Guiana, in , 258,259 

Character of works of provinces, Argentine Republic 266, 271 

Coqniinbo province, Chili in 257,258 

Ecuador 257 

Provinces depending on, Argentine Republic 272 

Venezuela, in 256 

Works of Cordova 269 

LakeofGuancache 268,269 

Lauds of: 

Bush 258 

Cultivated 256,257 

Low 258 

.Table 270 

Mountains of: 

Aconcagua 269 

Aconquya 267 

Andes 260,266,269 

Boneto 268 

Cordilleras 269 

Sierra IJspillata 269 

Tupungato, peaks of 269 

Provinces of— 

Buenos Ayres 266 

Catamarca 262,267,271 

Coquimbo, Chili 257 

Cordova 266,260,271 

Jujuy 262 

Jujuy 267 

Mendoza 262,269,271 

Rioja 268 

Salta 262,264,267 

San Juan 262,264.268 

SanLniz 268 

Santiago ael Estero 262,267,271 

Tucuman 262,267,271 

Rain-fall in — 

British Guiana, average annual 259 

Coquimbo, Chili in 206 

Cordova, at 266 

Ecuador, in 257 

Interior provinces, Argentine in 262,263,264,265 

Mendoza, at - 262 

San Juan, at 263 

San Luiz, at 268 

Tucuman; in 265 

Want of 270 

Reservoirs in — 

Artificial 259 

Dike of Mai Paso 270 

Dike of San Roque 269,270 

Rhyland rood, unit of measurement 258 

Rivers of— - 

Cosquin 269 

Cnarto 269 

Cuatio 270 

Jnramento 267 

Las Cuevas 269 

Mendoza i 269 

Paelen 267 

Paraguay 266 

Parana 26^5,269 

PiedraBlanoa 267 
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Pilcomayo 

Primero 

Qainto 

Rio loa Horcoae* .. 
Rio d« 1ft Plata... . 
Rio de loa Baaoea.. 

Salado 

S>lioTDDle« 

San Jasn 

Santa Uaria 

SanBoqae 

Segondo 

T&k 

Tercero 

Umgaaj __ . _ 

Vennejo 8a8,367,368 

Seaaonsof: 

Dry 256,258. 

Rainy SSS 

Snmmer 256 

Soils of ^ 

Clay 259 

Sandy loam — 2ST 

Strait of MaeellaD 262 

Valleys of: 

Hermoeo 268 

Jaque 268 

Piemento 268 

Bio del, tl»« 267 

Character of worba, Venetneta, in !S6 

DistTibntiou of, At««iitine Repiiblio, in 271 

Drainage aystem,£itlihaaiM)a 256,258 

EvaporatioD in 266 

Floods of 266 

"Eokera" oi water gates ^6 

Overflow of 256 

Pnblio, cost of 271 

Quantity of 264 

RiKhts by prescriptioD 272 

Snow " »7 

Sonroes of snpply, Argentine Kepnblio 866,887-271,273 

Ecuador, in 257 

VeneEoeia 256 

Storage in Chili 267 

SnrplnB,Valle6of Jaoal 868 

Tolnme of j 368 

Wells, artesian 268,273 

"Zonda," northeast wind 263,264 

tlantic Tslands, Soath — reporta frooi: 

Cape Verde Islands, irrigation and water ByBtemiD - ........ ........ .... 316 

Madeira, in : 

Area of irrigation 312 

Crops of, irrigation 312,313,314 

Fmitof 312 

Funchal ai2,3I4 

Havin do Senate, Franoiaeo 33L 

Laws and looal regnlatlons; 

code of 318,316,317.318 

coUeoting rents . . 317 

Levadas.the 315,316 

leasing waters 316,317 

Pealand, Fts 

Seasons, rain V 

Soil of ' 

VaUeya oPBrava and St. Vineente.. 
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Page. 
Atlantic Islands, South — reports fix>m — Continiied. 
Madeira, in — Gontinned. 
W&ter: 

Character of works, the Levadas ••• 313, 314 

Xtevadeiroor distributor (^ 313 

Rights in 314 

Supply of. 313 

System of distribution 313 

Asia, irrigation in and reports frooi : 

Acca-Haifa, Syria 282,290 

Asia Minor 296 

Beirut, antiquity of : 286,291 

area under 286 

China, in 279 

Formosa, in 280 

land under 277 

methods of 875,276,277,278,279,280 

Fryer, John, Sinaiogue • 280 

Hallandey, wind pump 288 

Jaffa, at 294,295 

Jerusalem, at 292,293 

Messina, at :. 290 

Mesopotamia, ancient canals in..... 286 

Momson, G. James, civil engineer 280 

Palestine, in 291,292,293,294,295,296 

Remarks on 275,286,287,288 

Shaduf, The, on Nile 280 

Siam, in 280 

Syria, in 281,282, 283, 284, 285, 286^ 287, 288, 289,290,291 

'tiripoli, land under.... 287 

Wooden chain pumps 277 

Cities in — 

Antioch 287 

Bangkok 280 

Bwrut 281,283,286 

Bethlehem 293 

Canton 278 

ChinKiang 279 

Damascus ...............«...••,.• ,. 281 

Foochow 275 

Hamath 287 

Hazmyeli ., 288 

Homs 287 

JaffA 291,294 

Jerusalem 291 

Nablous 291 

Ning-Po :. 277 

Shanghai 280 

Sidon , 287 

Smyrna 296 

Climate in 278 

Character of, in Canton 278 

irrigated regions 284 

Palestine 295,296 

Syria 285 

Semi tropical 291 

Thermometrical observations at Beirut, Syria 285 

Tropical, in Siam. 280 

Crops iu 291,296 

Bean 293 

Beet 293 

CabbagB 293 

Carrot 294 

Cauliflower 292,293 

Cereal 283 

Citron 293,294 

Cotton 281 

Cucumber 294 

Durah or maize 281,287 
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Paga 

Asia, irrigation in and reports from — Gontinaed. 

Crops in — Oontinned. 

Egg-plant 288,293 

Qarlic 293 

Hemp 281 

Leek 293 

Ockra 293 

Onion - 287,293 

Peas - 293 

Potatoes 293 

PampkiDs .., - - 294 

Radishes .' 294 

Rice 278,279,280 

the cultivation of 275 

Syria, in, quality of • 281 

Tomatoes 294 

Turnips 293 

Vegetables 278,281,283,286,293,294 

Fruit trees in : 

Apple 293 

Apricot 293,294 

Banana 281 

Date 281 

Fig 281,293 

Lemon 281,293,294 

Lime - 294 

Mulberry 281,283,286,293 

. Nectarine 293 

Olive 281,294 

Orange 281,287,294 

Orchards at Sidon 281 

atT'ripoli 281 

Peach 293,294 

Plum 293 

Pomegranate 281,292,293,294 

Prune 293 

Lakes in: 

Artificial, at Homs, Tripoli 282 

Tiberias , 282 

Land: 

Arable 296 

Arid 280 

Irrigated 286,296 

Mediterranean, the 286, 291, 294 

Mountains : 

Ebal 291 

Gerizim 291 

Lebanon 281,288 

8annin (Lebanon Range of) 287 

Pools of Solomon 282 

Rain-fallin 278,279,294 

annual 285,286 

Asia Minor, annual 296 

Beirut in inches from 1870 to 1889 286 

Jaffa, at 296 

Siam at 280 

Rivers : 

Beirut 286,288 

Dog 286 

Eleutherus 287 

Euphrates 286 

Min 276,277 

Orentes 282,287 

Tigris ,.. 286 

Yangtsze Kiang 279 

Yellow 279 

Schumacker, G., civil engineer - — . 290,291 

Seasons in 

Drought 265,279,296 

Dry 280,283,295,296 
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Faga 
Asia, irrigation in and reports from — Continned. 

Seosons in — Continued. 

Harvesting 296 

Rainy 278,279,292,295 

Wet : 2«0 

Snow-fall in 286 

Soil in : 

Alluvial 278 

Clay and sand in orange groves, Jaffa 295 

Fertile 2H0 

Palestine, in S9i 

Red clay 293 

Sandy loam .-- 296 

Syria, at 285 

Springs at Auteli as 286 

Valleys in : 

Jord.n 291 

Kedron, of the 292 

Nahr 287 

Urtasi. 293 

Vineyards in - 294 

Grape 293,294 

Melon 294 

Water in : 

Abundant supply of ,. 287 

Amount used per acre, in Syria - 283 

Beirut works 287 

Character of works, Syrian - 281,282 

Distribution of 294 

Engine in use at Bajafas 294,295 

Evaporation of • ..-.- 296 

"Fountain of the Cup" 293 

Ottoman water regulations 283,284 

Persian water-wheel at Hamale 281 

Siloam, Pool of 292 

Source of supply, China, in 278 

Jaffa,in 294 

Fountain of Solomon 293 

Syria.in 281 

Supply for Asia Minor 296 

China 279 

Siam 1 280 

System of diHtribution, China 278 

Jaffa 295 

Syria 282,283 

Works, etc., at Damascus, Tripoli, Homs, and Hamatte 286 

Australia, reports from : 

Artesian well-boring in 298,299.300,301,302,303,304,305,306,307,308 

Cities of: 

Albemarle : 300 

DeniUquin 303 

Forbes 299,300 

Sydney 298,299,303 

Tapio 300 

Windbar 300 

Climate, New South Wales, of 305,306 

Colonies of: 

New South Wales 300,303,304,305,307 

Queensland 301,303 

South Australia 304 

Victoria 300,303,306 

Crops of: 

Grass 300 

Lucern (alfalfa) 300,301 

Maize 300 

Sorghum 300 

Wheat 300 

Darlinff River Basin, the .* 301,302 

Fruits grown in 299 



Australia, reports from — Conttnaed. 
Irrigation In : 

AodeTaoD, W., geoIogiafttanrTejoT,oii. 303 

AreaoDder, New Sontb Wales, m S99 

AnthoTltiea on 306,307 

Coyle, J. E.r., civil eDgjiieer,on 304 

Ediller &. Co., farmers, on . . . . 299 

Laoheo district, land in 299 

New Soath Wales, in £96,899,300,301,302,303,304,305,306,307 

Rnsaell, H. C., Bstronomer, on 301 

Tangye pnmp for ........... . . 302 

T. T^wser, farmer, on 299 

Works for 299 

Land, gnaa and maiie, in 300 

Oidiuraa in »)O,302 

Plains of Emu 302 

Bain-fall in colonies : 

Annual average 305,306 

Datline, onthe 3(B 

Menindie, at ■, 305 

Ri vet) ne district, average of. 303 

STdney, in 305 

Tiopioalfall 301,302 

Rivers in : 

Darling 1198,301.303 

Lacblaa 299,300 

Marauo 305 

Murray 289,300,304,306 

Namori 301 

Nepean ......... ...... ........... 303 

Torrens 302 

SooliB, Silarian 303 

Seasons of : 

Drought 298 

of 1888 299,305 

Dry ; 301 

Soil of; 

Lachlan,in 999 

Bnbsoil 801 

StDclE-raising in 300 

Water in : 

Artesian, in .-. 303 

Evaporation of 301,302 

Laws and oustoms, governing . 303,304 

Riparian rights, in . .... 299 

Sources of supply 300,301,302 

Storage of flood . . . .. ■ 302 

Supply of 299,303 

Suiplns 299 

UDderliow, aliuD Jant in 301 

Wilsou, James, letter tn consul 307,308 

Uaba, irriMtion of 254,255 

BayotGuantauamo !55 

Capes of: 

Cmz 265 

Maisl 255 

Climate of S55 

Crops of 1 254 

Irrigation, SantiagodeCnba, in 254,255 

Mountains of Sierras del Cobre . .......... 254 

liaiii-fall of, annual . . .... . 255 

Rivers of: 

Canto 254,255 

Guautanamo ...... 255 

Mayari .. , , . . 255 

Niininjo 253 

Soilof.iiUuviat 254 

Hc^osonsof 254,255 

TownofMauzftoillo _ 2» 

WatersjBtom 255 
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finrope, conntries in, reports from — 

Albarracin, Senor Santiago, J ..-.--—.•.... 271 

Canals, for irrigation — 

£cla, the 335 

De Campos, the 325,326 

DeCastilla, the «. 325 

Del Norte, the 326 

DelSur, the ;i25.326 

De Urgel, the 32i 

Imperial, the 321,326 

Provence, in 333 

Rhone and Pyrenees, in 333 

Taxes to maintain 329 

Cattle-raising 323, 324,325 

Cities, in — 

Cadiz 319 

Carthagena 319 

Cognac 344 

Havre 34I 

Lorca — ..1.. 319 

Marseilles 332,334,345 

Naples 344 

Nice 343 

Palermo 347 

Paris 327,341,344 

Saragosa 326 

SeviUe 319 

Climate : 

Annual temperature, Palermo 35O 

Character of, in France 329 

Messina, in • 347 

Northern Spain, condition in 325 

Spain, of 322,323 

Temperature, Cabnerniga, in - 323 

Countries, mention of: « 

England 325 

France 327,333,334,340,341,344,345 

Italy 333,340,347 

Scandinavia « 322 

SpAin 319,322,324,325,327,340 

Crops, in : 

Agricultural statistics 329,335,336,337,338 

Barley 326,336 

Beans 339 

Cereals 336,340 

Corn 348 

Cotton 336 

Grass 324,345,348 

Hay * 323,324,345 

Oats 336 

Pease 327,339 

Rye 326,336 

Tobacco 340 

Tomatoes 327 

Vegetables 327 

acreage of 339 

Wheat 326,336,339 

Dams, Ferranova, above 347, 348 

Patemo,at 347 

Engineers, mention of: 

Chevigne, Count, France 330 

Fouzeroy, Flourand de, France 341,342,343 

Gouton, A., France 341 

Llaurado, Andres, Spain 321,322 

Lucian, Mons., France 332,341 r 

Perrin, Mons., France 341 J 

Rochemont, Mons., France 341 

Rousseau, L^on, France • 341,342 

Villeneuvo, Mons., France 335 

Vivenot, Mons., France 341 



Eiira|ie, counlrieu in, rejiorlit fniiii— Continued. 

FliKNi-Ratvs 3ao 

FraucoD, M., viiiciitteur SB 

Fmit trees in : 

AKurole 339 

AlmODil — 'X/S 

Apple SKI 

Apricota 33!) 

Cupera 339 

CberrieH S/S 

Fig :i39.340 

Orenadiue 3:19 

Jiijate 339 

I^mon Xa.MO 

HedUrs 339 

Olive 31!), 339, 340, 343 

Oraoce 31!), 323, 340, 343 

Feavb 339 

Pear 339 

Fistache 1 339 

Prunes 339,340 

Qniuces ; 3:9 

Wftliint 3:i9 

Antiquity, France in 335,32e,3:sl 

Area under, in France 323,327,343,344,347 

Bigot, sysleni of ". IBO 

Clasneit of . . 321 

Dacaeur system . '£10 

Department La Manche 341,342 

ofMavenne 342,34:1 

llle et Viliiine 342 

OcH Bouolieii-dD -Rhone, in 333,341 

LaChavente, in 344,:t4u 

List of workH :I3I 

MeadowB, of 322,323 

Messina, Sicily, in 34fi,:i4B 

Orange and lemon cnlture, Sicily, in 34S,34a 

Soolhern Italy, in 344, 34U 

Spain, in 320,322,327 

System of Palermo 350 

Island of: 

Camargne T.0 

Sicily 34:,3» 

Crops on irrigated 34G 

Foot-hillB :ij:i 

Meadow 321 

Plateau of Old Castile :li> 

Soulbern Frnnce, in ;iiy 

Metric denouii nations Si-i 

Monniains of: 

Alps 334,3*3 

Cantabrian :(23,,'!-i4 

Pyrenees 322, XiJ 

LaCaoiargue XM 

La Cran 'S.t\ 

Frovlnceei, Spanish, named : 

" Audaluaia 310 

Ban 314 

Biscay 332 

Granada 319,327 

Ouipuzooa :t22 

Messina. !^-"..-Il^!'l!^!!"'/. ^11! "1!^!!1"1I!!1J1" !!!!!!;!!!!! :i4:. 

Uuicia 327 
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Enrope, ^^ountrieB in, reports from — Continued. 

Provinces, Spanish, named — Continued. 

Oviedo 322,323,325 

Palermo w 349 

Santander 320,322,323,325 

Valencia 3r,>,327 

Bain-fall 322,327,333,334 

Annual, in France 331 

Messina «. 347 

Palermo 350 

Southern France, in 344 

Reservoir at Oridon • ^ ^ 328 

Rivers in : 

Darro 319 

Duro - 326 

Durance 333,334 

Elbro 326 

Gela.... 348 

Guadalquivir ••• 319 

Neste 328 

Rhone 329,330,334 

Santa Ana -. 340 

Simeto 347 

Vesubie 343 

Xenil 319 

Seasons of drought 324,325 

Seas of: 

Adriatic 344 

Mediterranean 329,333,334,344 

Soils in 323,334 

Alluvial 344 

Deep and fertile 326 

Nature of 329 

Sterile... 343 

Province, of 334,340 

Qualities of, Spain 322 

Springs of Sainte Thecle 343 

Streams in : 

Chavente 344 

Nee ; 344 

Topography of Des-Bouches-du Rh6ne 334 

Messina district ......*.. 346 

Trees in : 

Beech 324 

Oak 324 

Palm 319 

Pistachio 348 

Timber 334 

Vineyards in 339, 343, 319, 323, 326, 340 

Water in : 

Character of storage works in France 328 

Court at Granada ^ 319 

Distribution at Messina 346 

Palermo 349 

Flood 334 

Storage of 340 

Supply of, in France 328, 343 

Italy,in 344 

Messina, in 345,346 

Palermo, in 349 

Surplus J 345 

System in the BoucheS'du-Rh6ne 329, 330 

France 328,329 

Total area of 324,325 

Wind, south 325 

Indian and Pacific Ocean Islands, reports from : 

Archipelago, Phillipine, irrigation in 297 

Citiee in ; Bruan, Calanda, Carite, ManOa, San Francisco de Malabou .. 297 

DommioftR Fftthens 297 



IndiAD and Pacific Ocwn lalands, reports &om— ContlDned. 

I.atid« iDrLceRDd"uwat«"or»wuiipgTaM 3» 

Rain-fWlin 297 

fiCBBOIU of S9T 

Slnioe-wftys in , . 397 

Hawaiian lilanda, iirigittion in 873,874,275 

Allarrtt- & SoliDyler, englaeer'a leport an 

Antiquity of imgatioQ Bystem 27»^S 

ClimatBof 274 

BaDaoas - ........... 374 

Ric« 273,374 

Bagar.oaii« ■ 273,274 

Hoaolnln, at 273 

Rain-fall: 

AnnnaL ......._... 274 

Island of Oaha, on 27(i 

Htlodiatriot-iii 275 

Sprecklesville, plantattom, at ...... — » „ 374 

Water, in 1 

Coat of rental to Bsers . ........ .;..... .... 274 

Dnty,ot 274 

Sonroe of supply .......................... 873,274 

Tenlre of ownnBhip 274 

o 
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